a2 United States Patent

Makarov et al.

US010196686B2

US 10,196,686 B2
*Feb. 5, 2019

(10) Patent No.:
45) Date of Patent:

(54) KITS INCLUDING STEM-LOOP
OLIGONUCLEOTIDES FOR USE IN
PREPARING NUCLEIC ACID MOLECULES

(71) Applicant: Takara Bio USA, Inc., Mountain View,
CA (US)
(72) Inventors: Vladimir L. Makarov, Ann Arbor, MI
(US); Emmanuel Kamberov, Ann
Arbor, MI (US); Brendan J. Tarrier,
Belleville, MI (US)
(73) Assignee: TAKARA BIO USA, INC., Mountain
View, CA (US)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
This patent is subject to a terminal dis-
claimer.
(21) Appl. No.: 15/430,803
(22) Filed: Feb. 13, 2017
(65) Prior Publication Data
US 2017/0314069 Al Nov. 2, 2017
Related U.S. Application Data
(63) Continuation of application No. 14/250,538, filed on
Apr. 11, 2014, now Pat. No. 9,598,727, which is a
(Continued)
(51) Imt. ClL
CI12P 19/34 (2006.01)
C12Q 1/6853 (2018.01)
(Continued)
(52) US. CL
CPC ... C12Q 1/6853 (2013.01); CI2N 15/1068

(2013.01); C12P 19/34 (2013.01);
(Continued)

(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,043,272 A 8/1991 Hartley
5,104,792 A 4/1992 Silver et al.
(Continued)
FOREIGN PATENT DOCUMENTS
EP 0 466 520 1/1992
EP 0 684 315 11/1995
(Continued)

OTHER PUBLICATIONS

Adam et al., “Cross-linking of the p55 Tumor Necrosis Factor
Receptor cytoplasmic Domain by a dimeric Ligand Induces Nuclear
Factor-kB and Mediates Cell Death,” J. Biol. Chem., 270(29):
17482-17487, 1995.

(Continued)

Primary Examiner — Kenneth R Horlick
(74) Attorney, Agent, or Firm — Bret E. Field; Bozicevic,
Field & Francis LLP

(57) ABSTRACT

The present invention concerns preparation of DNA mol-
ecules, such as a library, using a stem-loop oligonucleotide.
In particular embodiments, the invention employs a single
reaction mixture and conditions. In particular, at least part of
the inverted palindrome is removed during the preparation
of the molecules to facilitate amplification of the molecules.
Thus, in specific embodiments, the DNA molecules are
suitable for amplification and are not hindered by the
presence of the palindrome.

24 Claims, 60 Drawing Sheets

Specification includes a Sequence Listing.

dU-dU,

dy—du

’JU

g
23
3

5\,__:

\dU”dlde dU-glycosylase creates abasic
sites within a loop and upper
strand of the stem-loop
aligonucleotide

DNA ligase attaches the 3’ end of the
stem-loop oligonucleotide to the 5°
phosphate of the DNA fragment

DNA polymerase displaces the 5’
portion of the stem-loop
ofigenucieotide and extends the 3’
end of the DNA fragment until it
reaches the non-replicable abasic
gap within a toop

S E
5

Abasic

3’ loop
NLLEL S

Heating at 95 °C during PCR creates
breaks at abasic sites and eliminates
the 5’ portion of the stem-loop
~ oligonucleotide




US 10,196,686 B2

Page 2
Related U.S. Application Data 2001/0021518 Al 9/2001 Goudsmit et al.
2001/0046669 Al 112001 McCobmie et al.
continuation of application No. 13/766,607, filed on 2002/0058250 Al 5/2002 Firih
Feb. 13, 2013, now Pat. No. 8,728,737, which is a 2002/0192769 Al 12/2002 Park et al.
continuation of application No. 13/286,937, filed on %88%;8852;; ﬁ} igggg gﬂ;‘:fgg :lt al.
NOV.. 1, 2.011, now .Pat.. No. 8,399,199, which is a 5003/0099997 Al 57003 Bestor
continuation of application No. 12/892,359, ﬁleq on 2003/0129602 Al 7/2003 Huang
Sep. 28, 2010, now Pat. No. 8,071,312, which is a 2003/0143599 Al 7/2003 Makarov et al.
continuation of application No. 12/270,850, filed on 2003/0165885 Al 9/2003  Arnold et al.
Nov. 13, 2008, now Pat. No. 7,803,550, which is a 2003/0186237 Al 10/2003 Ginsberg et al.
. . Lo 2003/0232371 Al  12/2003 Bestor
continuation of application No. 11/366,222, filed on 5004/0043416 AL 3/2004 Ji ot al.
Mar. 2, 2006, now abandoned. 2004/0063144 Al  4/2004 Lizardi
2004/0115616 Al 6/2004 Holton
(60) Provisional application No. 60/704,932, filed on Aug. 2004/0209298 Al 10/2004 Kamberov et al.
2, 2005. 2004/0209299 Al 10/2004 Pinter et al.
2005/0202490 Al 9/2005 Makarov et al.
s a1 aoooutions Al 5200 Nyl
renner et al.
C12Q 1/6855 (2018.01) 2006/0216724 Al 9/2006 Christians et al.
C120 1/6865 (2018.01) 2007/0128620 Al 6/2007 Lao et al.
CI2N 15/10 (2006.01)
CI12Q 1/686 (2018.01) FOREIGN PATENT DOCUMENTS
(52) US. CL
CPC ... CI2Q 1/686 (2013.01); C12Q 1/6855 T 0978 fgggg
(2013.01); C12Q 1/6865 (2013.01) P 8173164 7/1996
WO WO 1993/024654 12/1993
(56) References Cited WO WO 1996/015264 5/1996
WO WO 1997/030062 8/1997
U.S. PATENT DOCUMENTS WO WO 1998/002575 1/1998
WO WO 1998/015652 4/1998
5,106,727 A 4/1992 Hartley et al. WO WO 1998/039485 9/1998
5,405,760 A 4/1995 Raleigh et al. WO WO 1999/028498 6/1999
5,470,724 A 11/1995 Ahern WO WO 2000/017390 3/2000
5,514,545 A 5/1996 Eberwine WO WO 2001/009384 2/2001
5,714,318 A 2/1998 Sagner et al. WO WO 2001/051661 7/2001
5,731,171 A 3/1998 Bohlander WO WO 2001/057248 9/2001
5,759,821 A 6/1998 Teasdale WO WO 2002/006533 1/2002
5,759,822 A 6/1998 Chenchik et al. WO WO 2002/020571 3/2002
5,874,260 A 2/1999 Cleuziat .............. C12Q 1/6853 WO WO 2002/060318 8/2002
15010 WO WO 2002/072772 9/2002
5,932,451 A 8/1999 Wang et al. WO WO 2002/101022 12/2002
5948,649 A 9/1999 Stewart et al. WO - WO 2002/103054 12/2002
5,968,743 A 10/1999 Matsunaga et al. WO WO 2003/012118 2/2003
5,994,058 A 11/1999 Senapathy WO WO 2003/016546 2/2003
6,045,994 A 4/2000 Zabeau et al. WO WO 2003/025215 3/2003
6,060,245 A 5/2000 Sorge et al. WO WO 2003/027259 4/2003
6,107,023 A 8/2000 Reyes et al. WO WO 2003/035860 5/2003
6,114,149 A 9/2000 Fry et al. WO WO 2003/050242 6/2003
6,124,120 A 9/2000 Lizardi WO WO 2003/087774 10/2003
6,214,556 Bl 4/2001 Olek et al.
6,261,774 Bl 7/2001 Pagratis et al.
6,280,949 Bl 8/2001 Lizardi OTHER PUBLICATIONS
g:ggg:g;é g} 12;3885 glilgtlrflt:il:; Z: 2%: Ailenberg et al., “Controlled Hot Start and Improved Specificity in
6,379,932 Bl 4/2002 Arnold et al. Carrying Out PCR Utilizing Touch-Up and Loop Incorporated
6,383,754 Bl 5/2002 Kaufman et al. Primers (TULIPS),” BioTechniques, 29: 1018-1024, 2000.
6,403,319 Bl 6/2002 Lizardi et al. Badal et al., “CpG Methylation of Human Papillomavirus Type 16
6,451,563 Bl 9/2002 Wittig et al. DNA in Cervical C Cell Li 4 in Clinical Speci ;
6498023 Bl 122002 Abarzua in Cervical Cancer Cell Lines and in Clinical Specimens:
6,509.160 Bl 1/2003 Sapolsky et al. Qenomlc Hypometl.lylatlon Correlates with Carcinogenic Progres-
6,521,428 Bl 2/2003 Senapathy sion,” Journal of Virology, 77(11): 6227-6234, 2003.
6,537,757 Bl 3/2003 Langmore et al. Baldini et al., “Chromosomal assignment of human YAC clones by
6,576,448 B2 6/2003 Weissman et al. fluorescence in situ hybridization: use of single-yeast-colony PCR
6,605,432 Bl 8/2003 Huang and multiple labeling,” Genomics, 14: 181-184, 1992.
6,621,782 Bl 9/2003 Nakane et al. Barbaux et al., “Use of degenerate oligonucleotide primed PCR
6,632,611 B2  10/2003 Su et al. (DOP-PCR) for the genotyping of low-concentration DNA samples,”
6,638,722 B2  10/2003 Ji et al. T Mol Med, 79: 329-332, 2001.
6,677,121 B2 172004 Lizardi et al. Beekman et al., “A powerful and rapid approach to human genome
6,692,915 Bl 2/2004 Nallur scanning using small quantities of genomic DNA,” Genet. Res.
6,692,918 B2 2/2004 Kurn Camb.. 77: 129-134. 2001
6,762,022 B2 7/2004 Makarov et al. N “ > ) . .
6.773.886 B2 8/2004 Kaufman et al. Bc_elllz_z1 et a_l., A procedu_re for cloning genomic DNA fragments
6,787,308 B2 0/2004 Balasubramanian et al. with increasing thermoresistance,” Gene, 219: 63-71, 1998.
6,808,888 B2  10/2004 Zhang et al. Bohlander et al., “A Method for the Rapid Sequence-Independent
6,825,010 B2 11/2004 Spier et al. Amplification of Microdissected Chromosomal Material,” Genom-
6,974,141 B2  12/2005 Kim ics , 13:1322-1324, 1992.



US 10,196,686 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Breen et al., “YAC mapping by FISH using Alu-PCR-generated
probes,” Genomics, 13: 726-730, 1992.

Broude, “Stem-loop oligonucleotides: a robust tool for molecular
biology and biotechnology,” Trends in Biotechnology, 20: 249-256,
2002.

Buchanan et al., “Long DOP-PCR of rare archival anthropological
samples,” Hum. Biol., 72(6): 911-25, 2000.

Campbell et al., “The effect of divalent cations on the mode of
action DNase 1. The initial reaction products produced from cova-
lently closed circular DNA,” J. Biol. Chem., 255: 3726-3735, 1980.
Champoux, “DNA Topoisomerases: Structure, Function, and Mecha-
nism,” Annu. Rev. Biochem., 369-413, 2001.

Chang et al., “PCR amplification of chromosome-specific DNA
isolated from flow cytometry-sorted chromosomes,” Genomics,
12:307-312, 1992.

Chen et al., “Methylation Target Array for Rapid Analysis of CpG
Island Hypermethylation in Multiple Tissue Genomes,” Am. J.
Pathol., 163(1): 37-45, 2003.

Cheng et al., “Degenerate oligonucleotide primed-polymerase chain
reaction and capillary electrophoretic analysis of human DNA on
microchip-based devices,” Anal. Biochem., 257(2): 101-6, 1998.
Cheung et al., “Whole genome amplification using a degenerate
oligonucleotide primer allows hundreds of genotypes to be per-
formed on less than one nanogram of genomic DNA,” Proc. Natl.
Acad. Sci. USA, 93: 14676-14679, 1996.

Chotai et al., “A rapid, PCR based test for differential molecular
diagnosis of Prader-Willi and Angelman syndromes,” J. Med.
Genet., 35: 472-475, 1998.

Clay et al., “Using analytical ultracentrifugation to study compo-
sitional variation in vertebrate genomes,” Eur. Biophys. J., 32:
418-426, 2003.

Cross et al., “CpG island libraries from human chromosomes 18 and
22: landmarks for novel genes,” Mammalian Genome, 11: 373-383,
2000.

Cross et al., “Isolation of CpG islands from large genomic clones,”
Nucleic Acid Res., 27: 2099-2107, 1999.

Dean et al., “Comprehensive human genome amplification using
multiple displacement amplification,” PNAS, 99(8): 5261-5266,
2002.

DeRisi Laboratory, Dept. of Biochemistry and Biophysics, Univ. of
California at San Francisco, “Random DNA Amplification. Direc-
tions for amplifying products for printing on arrays,” 2001.
Devon et al., “Splinkerettes—improved vectorettes for greater effi-
ciency in PCR walking,” Nucleic Acids Research, 23:1644-5, 1995.
European Office Action, issued in European Application No. 06 736
752.4-1222, dated Jan. 18, 2010.

Frigola et al., “Methylome profiling of cancer cells by amplification
of inter-methylated sites (AIMS),” Nucleic Acids Res., 30(7): €28,
2002.

Fu et al., “Sequencing Double-Stranded DNA by Strand Displace-
ment,” Nucleic Acids Research, 25(3): 677-679, 1997.

Grace et al., “Degradable dUMP Outer Primers in Merged Tandem
(M/T)-Nested PCR: Low-and Single-Copy DNA Target Amplifica-
tion,” Analytical Biochemistry, 263: 85-92, 1998.

Grothues et al., “PCR amplification of megabase DNA with tagged
random primers (T-PCR),” Nucleic Acids Res., 21(5):1321-1322,
1993.

Guan et al., “Generation of band-specific painting probes from a
single microdissected chromosome,” Human Mol. Genet., 2(8):
1117-1121, 1993.

Guilfoyle et al., “Ligation-mediated PCR amplification of specific
fragments from a Class-II restriction endonuclease total digest,”
Nucleic Acids Res., 25(9):1854-1858, 1997.

Hadano et al., “Laser microdissection and single unique primer PCR
allow generation of regional chromosome DNA clones from a single
human chromosome,” Genomics, 11:364:373, 1991.

Hawkins et al., “Whole genome amplification—applications and
advances,” Current Opinion in Biotechnology, 13: 65-67, 2002.

Hengen, “Methods and reagents: Vectorette, splinkerette and boo-
merang DNA amplification,” Trends in Biochemical Sciences, 20:372-
3, 1995.

Huang et al., “Methylation profiling of CpG islands in human breast
cancer cells,” Human Molecular Genetics, 8(3): 459-470, 1999.
Igloi, “Substrate properties of fluorescent ribonucleotides in the
terminal transferase-catalyzed labeling of DNA sequencing prim-
ers,” Biotechniques, 21: 1084-1092, 1996.

Invitrogen Corporation, Carlsbad, California 92008, TOPO TA
Cloning. Version P 051302 / 25-0184, pp. 1-32, 1999-2002.

Jones et al., “Amplification of 4-9-kb Human Genomic DNA
Flanking a Known Site Using a Panhandle PCR Variant,”
BioTechniques, 23: 132-138, 1997.

Kaboev et al., “PCR hot start using primers with the structure of
molecular beacons (hairpin-like structure),” Nucleic Acids Research,
28(21): €94, 2000.

Kaiser et al., “Specific-primer-directed DNA sequencing using
automated fluorescent detection,” Nucleic Acids Res., 17: 6087-
6102, 1989.

Kalisch et al., “Covalently linked sequencing primer linkers (splinkers)
for sequence analysis of restriction fragments,” Gene, 44:263-70,
1986.

Kao et al., “Chromosome microdissection and cloning in human
genome and genetic disease analysis,” Proc. Natl. Acad. Sci. USA,
88:1844-1848, 1991.

Kaur Manjit et al, “Novel amplification of DNA in a hairpin
structure: towards a radical elimination of PCR errors from ampli-
fied DNA”, Nucleic Acids Research, vol. 31, No. 6, €26, 2003.
Kempf et al., “Improved stimulation of human dendritic cells by
receptor engagement with surface-modified microparticles,” J Drug
Target, 2003.

Kikuchi et al., “Expression profiles of non-small cell lung cancers
on ¢cDNA microarrays: Identification of genes for prediction of
lymph-node metastasis and sensitivity to anti-cancer drugs,” Onco-
gene, 2192-2205, 2003.

Kilger et al.,, “Direct DNA sequence determination from total
genomic DNA,” Nucleic Acids Research, 25(10): 2032-2034, 1997.
Kinzler et al., “Whole genome PCR: application to the identification
of sequences bound by gene regulatory proteins,” Nucleic Acids
Research, 17(10): 3645-3653, 1989.

Kittler et al., “A Whole Genome Amplification Method to Generate
Long Fragments from Low Quantities of Genomics DNA”, Anal.
Biochem. 300: 237-244, 2001.

Klein et al., “Comparative genomic hybridization, loss of heterozygos-
ity, and DNA sequence analysis of single cells,” Proc. Natl. Acad.
Sci. USA, 96: 4494-4499, 1999.

Ko et al. “Unbiased amplification of highly complex mixture of
DNA fragments by ‘lone linker’-tagged PCR,” Nucleic Acids Res.,
18: 4293-4294, 1990.

Kong et al., “PCR hot-start using duplex primers,” Biotechnology
Letters, 26: 277-280, 2004.

Kusov et al., “A new G-tailing method for the determination of the
poly(A) tail length applied to hepatitis A virus RNA,” Nucleic Acids
Research, 29(12): 57, 2001.

Kunkasjarvi et al., “Optimizing DOP-PCR for Universal Amplificatino
of Small DNA Samples in Comparative Genomic Hybridization,”
Genes, Chromosomes & Cancer, 18: 94-101, 1997.

Lengauer et al., “Fluorescence in situ hybridization of YAC clones
after Alu-PCR amplification,” Genomics, 13: 826-828, 1992.
Lerman et al., “Sequence-determined DNA separations,” Annu.
Rev. Biophys. Bioeng., 13: 399-423, 1984.

Lisitsyn et al., “Cloning the differences between two complex
genomes,” Science, 259: 946-951, 1993.

Liu Chih Long et al, “Development and validation of a T7 based
linear amplification for genomic DNA”, BMC Genomics, vol. 4,
No. 19, 2003.

Lucito et al., “Genetic analysis using genomic representations,”
Proc. Natl. Acad. Sci. USA, 95: 4487-4492, 1998.

Ludecke et al., “Cloning defined regions of the human genome by
microdissection of banded chromosomes and enzymatic amplifica-
tion,” Nature, 338(6213): 348-50, 1989.



US 10,196,686 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Makrigiorgos et al., “A PCR-based amplification method retaining
the quantitative difference between two complex genomes,” Nature
Biotechnology, 20: 937-939, 2002.

McGrath et al., “Sequence analysis of DNA randomly amplified
from the Saccharomyces cerevisiae genome,” Molecular and Cel-
lular Probes,, 12: 397-405, 1998.

Melief et al., “Effective theraputic anticancer vaccines based on
precision guiding of cytolytic T lymphocytes,” Immunol Rev., 2002.
Miyashita et al., “A mouse chromosome 11 library generated from
sorted chromosomes using linker-adapter polymerase chain reac-
tion,” Cytogenet. Cell Genet. 66: 454-57, 1994.

Mullis et al., “Specific enzymatic amplification of DNA in vitro: the
polymerase chain reaction,” Cold Spring Harbor Symp., 263-273,
1986.

Nelson et al., “Alu-primed polymerase chain reaction for regional
assignment of 110 yeast artificial chromosome clones from the
human X chromosome: identification of clones associated with a
disease locus,” PNAS, 88: 6157-6161, 1991.

Nishigaki et al., “Whole genome sequence-enabled prediction of
sequences performed for random PCR products of Escherichia
coli,” Nucleic Acids Research, 28(9): 1879-1884, 2000.

Office Action issued in U.S. Appl. No. 11/366,222, dated Jan. 23,
2008.

Office Action issued in U.S. Appl. No. 11/366,222, dated May 14,
2008.

Office Action issued in U.S. Appl. No. 12/270,850, dated Dec. 2,
2009.

Office Action issued in U.S. Appl. No. 12/892,359, dated Jan. 10,
2011.

Office Action issued in U.S. Appl. No. 13/286,937, dated Apr. 10,
2012.

Office Action issued in U.S. Appl. No. 13/286,937, dated May 23,
2012.

Office Action issued in U.S. Appl. No. 13/766,607, dated Oct. 31,
2013.

Office Communication issued in U.S. Appl. No. 14/250,538, dated
Sep. 7, 2016.

Office Communication issued in U.S. Appl. No. 14/250,538, dated
Apr. 20, 2016.

PCT International Preliminary Examination Report, PCT NLOL
00020, dated Mar, 25, 2003.

PCT International Search, PCT-NL01 00020, dated Jul. 18, 2002.
Perou et al., “Molecular Portraits of Human Breast Tumors,”
Nature, 406, 2000.

Pfeifer, “Chromatin structure analysis by ligation-mediated and
terminal transferase-mediated polymerase chain reaction,” Methods
Enzyrnol., 304: 548-571, 1999.

Phillips et al., “Antisense RNA Amplification: A Linear Amplifi-
cation Method for Analyzing the mRNA Population from Single
Living Cells,” Methods: Acompanion to Methods in Enzymology
10, Article No. 0104, 283-288, 1996.

Pirker C. et al., “Whole Genome Amplification for CGH Analysis:
Linker-Adapter PCR as the Method of Choice for Difficult and
Limited Samples”, Cytometry, vol. 61A, No. 1, 26-34, 2004.
Reyes, Gregory R., et al.; Sequence-independent, single-primer
amplification (SISPA) of complex DNA populations; Molecular and
Cellular Probes 5: 473-481, 1991.

Riccelli et al., “Hybridization of single-stranded DNA targets to
immobilized complementary DNA probes: comparison of hairpin
versus linear capture probes,” Nucleic Acids Research, 29: 996-
1004, 2001.

Rose et al., “Consensus-degenerate hybrid oligonucleotide primers
for amplification of distantly related sequences,” Nucleic Acids
Research, 26(7): 1628-1635, 1998.

Sanchez-Cespedes et al., “Degenerate oligonucleotide-primed PCR
(DOP-PCR): evaluation of its reliability for screening of genetic
alterations in neoplasia,” Biotechniques, 25(6): 1036-8, 1998.

Sato et al., “Combination of monocyte-derived dendritic cells and
activated T cells which express CD40 ligand: a new approach to
cancer immunotherapy,” Cancer Immunol. Immunother. 53(1): 53-61,
2004.

Saunders et al., “PCR amplification of DNA microdissected from a
single polytene chromosome band: A comparison with conventional
microcloning,” Nucleic Acids Res., 17: 9027-9037, 1989.
Schiefermayr et al., “Degradation of DNA sequencing primers by a
terminal transferase-associated exonuclease,” Anal. Biochem., 230:
180-182, 1995.

Schmidt et al., “CapSelect: A highly sensitive method for 5' CAP-
dependant enrichment of full-length cDNA in PCR-mediated analy-
sis of mRNAs,” Nucleic Acids Research, 27(21), 1999.
Sharrrocks, Andrew D., et al., “The Design of Primers for PCR”,
PCR Technology Current Innovations, Chapter 2, 5-11, 1994.
Shiraishi et al., “Isolation of DNA fragments associated with
methylated CpG islands in human adenocarcinomas of the lung
using a methylated DNA binding column and denaturing gradient
gel electrophoresis,” Proc. Natl. Acad. Sci. USA, 96: 2913-2918,
1999.

Shiraishi et al., “Preferential isolation of DNA fragments associated
with CpG islands,” Proc. Natl. Acad. Sci. USA, 92: 4229-4233,
1995.

Shiraishi et al., “The isolation of CpG islands from human chro-
mosomal regions 11q13 and Xp22 by segregation of partly melted
molecules,” Nucleic Acid Res., 26: 5544-5550, 1998.

Shyamala et al., “Genome walking by single-specific-primer poly-
merase chain reaction: SSP-PCR,” Gene, 84: 1-8, 1989.

Siebert et al., “An improved PCR method for walking in unclosed
genomic DNA,” Nucleic Acids Res., 23: 1087-1088, 1995.

Smith et al., “Automated differential display using a flourescently
labeled universal primer,” Biotechniques, 23(2): 274-279, 1997.
Smith et al., “Single primer amplification (SPA) of ¢cDNA for
microarray expression analysis,” Nucleic Acids Research, 31(3): €9,
2003.

Smith, “Ligation-mediated PCR of restriction fragments from large
DNA molecules,” PCR Methods Appl., 2(1):21-7, 1992.

Snabes et al., “Preimplantation single-cell analysis of multiple
genetic loci by whole-genome amplification,” Proc. Natl. Acad. Sci.
USA (Genetics), 91: 6181-6185, 1994.

Strichman-Almashanu et al., “A Genome-Wide Screen for Nor-
mally Methylated Human CpG Islands That Can Identify Novel
Imprinted Genes,” Genome Research, 12(4): 543-54, 2002.
Studier et al., “Relationships among Different Strains of T7 and
among T7-Related Bacteriophages,” 70-84, 1979.

Sutcliffe et al., “PCR amplification and analysis of yeast artificial
chromosomes,” Genomics, 13: 1303-1306, 1992.

Tanabe et al., “Evaluation of a Whole-Genome Amplification Method
Based on Adaptor-Ligation PCR of Randomly Sheared Genomic
DNA,” Genes, Chromosomes & Cancer, 38:168-176, 2003.
Telenius et al., “Degenerate Oligonucleotide-Primed PCR: General
Amplification of Target DNA by a Single Degenerate Primer,”
Genomics, 13:718-725, 1992.

Toyota et al., “Methylated CpG Island Amplification for Methylation
Analysis and Cloning Differentially Methylated Sequences,” Meth-
ods in Molecular Biology, 200: 101-10, 2002.

VanDevanter et al., “Pure chromosome-specific PCR libraries from
single sorted chromosome,” Proc. Natl. Acad. Sci. USA, 91: 5858-
5862, 1994.

Vooijs et al., “Libraries for each human chromosome, constructed
from sorter-enriched chromosomes by using linker-adaptor PCR,”
Am. J. Hum. Genet. 52: 586-597, 1993.

Wells et al., “Comprehensive chromosomal analysis of human
preimplantation embryos using whole genome amplification and
single cell comparative genomic hybridization,” Molecular Human
Reproduction, 6(11): 1055-1062, 2000.

Wells et al., “Detailed chromosomal and molecular genetic analysis
of single cells by whole genome amplification and comparative
genomic hybridisation,” Nucleic Acids Res., 27(4): 1214-1218,
1999.

Wesley et al., “Cloning regions of the Drosophila genome by
microdissection of polytene chromosome DNA and PCR with
nonspecific primer,” Nucleic Acids Res., 18(3): 599-603, 1990.



US 10,196,686 B2
Page 5

(56) References Cited
OTHER PUBLICATIONS

Whitcombe et al., “Detection of PCR products using self-probing
amplicons and fluorescence,” Nat. Biotechnol., 17: 804-807, 1999.
Wold, “Replication Protien A: A Heterotrimeric, Single-Stranded
DNA-Binding Protein Required for Eukaryotic DNA Metabolism,”
Annu. Rev. Biochem., 61-92, 1997.

Wong et al., “Use of tagged random hexamer amplification (TRHA)
to clone and sequence minute quantities of DNA-application to a
180 kb plasmid isolated from sphingmonas F199,” Nucleic Acids
Research, 1996, 24: 3778-3783.

Yan et al., “Dissecting Complex Epigenetic Alterations in Breast
Cancer Using CpG Island Microarrays,” Cancer Res., 61: 8375-
8380, 2001.

Zhang et al., “Whole genome amplification from a single cell:
Implications for genetic analysis,” Proc. Natl. Acad., 89: 5847-
5851, 1992.

Zheleznaya et al., “PCR Fragmentation of DNA,” Biochemistry
(Moscow), 64(4): 447-453, 1999.

* cited by examiner



U.S. Patent Feb. 5, 2019 Sheet 1 of 60 US 10,196,686 B2

DNA
1 DNA fragmentation
2 DNA clean-up
Y
3 Ends “polishing”
4 Heat inactivation
A 4
S Adaptor ligation
6 Fill-in synthesis
4
WGA library

FIG. 1A



US 10,196,686 B2

Sheet 2 of 60

Feb. 5, 2019

U.S. Patent

a1l oOld : Areiqy VINA
N &
L | siseyuhs urig
: ‘ Kieigl) YOM
” ry
W uonsabip asespnu
! oyioads/onlisuss
: -uoneikyion SISOUIUAS Ul-liid
m » A
uonebi joidepy uoneby Joydepy
m Y '
uolRAlOBUL BB uolieAlloRU 180H
m f i
m LDuiysgod, butysijod,
nﬁm.m:qn/ XME&:O 4 4
YNQ Pagjling VNG payling WYNQ poiting
(uoneoyddy : (G00Z ‘c yoteN paly ‘$98°LL0/L 1 "ON [euag

usied ueing) sjooojold siseyjuls uonesyddy wusied S n) s|ooojold sisayjuAs
Alelgll YIWAM/VYOM SULIN/WNISS MaN Alelgll YAM/VYOM SUuun/wnias juaung



US 10,196,686 B2

Sheet 3 of 60

Feb. 5, 2019

U.S. Patent

ol 9ld

1onpoJd

jonpoid

uonoeal
oiewAzus
paxajdiiniy

81essSgns

uoijoeas o1ewAzua
paxajdiinw Aybiy
a|buis e ym
ssaoold sawAzua
-inw days-pnw
e JO Juswaoejday

ajelsqnsg




US 10,196,686 B2

Sheet 4 of 60

Feb. 5, 2019

U.S. Patent

39Npoid

1Npoid

ssaooud snewAzus
days-ajbuis

paxajdninw AjybiH

yoeoudde
XIN-O-zu3

ssasoud
onewAzud
dajs-ijjnw
pajesBajur Ajybiy
pue pazunjeiuip

yoeouadde
282IA3P 21pIN|-0JOIN

¢ Old

ajensqns
VNG

sjensqns
VNG




US 10,196,686 B2

Sheet 5 of 60

Feb. 5, 2019

U.S. Patent

€ Old

P

@ A4
juswibes) YN JO spua ayj je sjeadal pajioALll sajeaid

pue apniosjonuobijo dooj-wels payoee 2yl jo puess G ay} sadejdsip jey)
uooral SISAYIUAS YNQ Ag popuslxe aie sjuswibel) YN( JO Spud. g pajebij-uoN

< nm
e 2 D)

HO.S ¢ @ v

Sa|nNoajowl
¢ dooj-wisls pus-jun|q Jo spuo ¢ syj o} aseby
AVIvi........._ VNG p.1L Aq pajebi| ase sjuswbely yNG pus-junig
v HO.4 dS e £

€ 0 dS HO.S

TV

&V

Junjq stwoossq
pue asesswAijod Aq , poysijod,, pue papuaixs
ale spus spnoadnuobijo dooj-wels pue YNNG

<O.I.F ds

HO.S P
“m.n Y ¢

4.5 HO.S
juswibelj YNG a i<

SALNP pue ‘d1V “4oyng [esIoAlun XIN-0-2ug ‘asebl] yNG pL ‘asesswkiod yNG

Buipeasjooid ¢ e ‘spnosjonuobijo dooj-wials e BuiuiIuod XjW e yjim yYNQ pajuswbesy ajegnouj




US 10,196,686 B2

Sheet 6 of 60

Feb. 5, 2019

U.S. Patent

v Old

Aunnoe  Buiysijod, pus wNg

VIO £
HO &

»HO €
HO &

»HO £
HO &

XIN-0O-2u -] 8y}
uypm apnosjonuobijo
dooj-walg

(=

» HO £

HO S

»HO £

HO G

HO £
HO S

auoje
apijoajonuobijo
dooj-walg



US 10,196,686 B2

Sheet 7 of 60

Feb. 5, 2019

U.S. Patent

-~ 4i

OO A R M M X R N N R M NN R NN R AR AR O AR A RO NN A AR AR R AN R ANS AN AN NP ER R

RERCREKRONORN B A K N AR AR RN AN D AN RN AN AR O XN AR AR R AR R A AR N OANBARN O A ND RN @

RN B A X S N O M P A S NN D RN R RN AR RN O N N AR NN B O MO NN O R R &

ROHRIBORHIRRK H G R A B KBRS B R OK OO RH G RO H R SRR KXW SR VU R RN DI R UROH KNSR ORRBER O

SBRTOOTITIIORN § H R B H X B H KB R RO K NS H R B R RO K R ERR G XA R AKX DI KB RXR O ORRERRB KRG

R B S R AN EE I SR E S RN SR AR R AN RSN RN AN R A AR A P A RE AN USRS EREERE
R B E N R SRR SR N S R SRR SRR SR RN R RN BRSNS IR BN SURERRNBERRE

AN PN NS NP AN S AN AAN A XN RN USRS IS AN NU UM RN PR WO RN YR N KA D N X DD & RO
AU NI N NN XN AN KON XN OAN O AN OO KN ON RGN M N D DX N XD D X RD00000000000000

2200 KB 00D XN NG AMONIGOIPOK DD N DN DRGSR KK X o X DI009000000000000000

HXRANGANOANO X G AXNAX RN NN N U XOARGNN A NN DN WD N 000G KGN K KEG O XD N X 0000000000000000000

BRORRHRREIRNIZNAXNIXABRXOIX ORI OBRANNCANORR OB NG KR UR U HE RN ED N F DREOROONRRD

RS R KBRS RN RN N TN NI NN ON RO N RN O NN N ORI NSRBI RN ROEN DR R

spnosionuobyo dooruieis ouy jo dool syl WL st sousnbas amowosd 21

BUROR RO KRS HRN SRS XN O KA RN XD I RO R IR RO A RORR DK R IR RBRD G KRS

g¢ old

B ER GRS ERE A NSNS NS SRS CN RSN ERN B RN AR RGN RERRERNEEES
BN R ARR SRR E N AR N ER S SRR ANBEN SR NEREAR RN SN RSN SREGREERBERES

R GRR SN NSRRGSR E A NG R B R AR NN RO NS AN S NR IR RSO RARRERBERDH
BN AN AN NSNS A NS SR N R RN S AN A A NS E N AR R R SRR HER BN

R NN SN AN SN AN A RS R SR NN N R RN SR NSNS N B R ER RN SR BN
T T T T T Y]

P KO NN AKX AN KR AN AR A KD AN DA E OO AN DA NORNAARE XN AX N ARG A
N R RO N R R E O RN XN N RN NN AR N RN AR ORI RN G N R R O NG ARAROBEO
BRRE RO R RB R IR N XN BR BRI AN B I RO NN IRR ORI IR NN ORI RIOX B ERBY
RSN G RSN RS BRI KA AR SN BN RGN A NN A AN BN MR AR AERB N
AR R AR BN RGREGN RS RO ORI XA R EN YN R RO NN DN NG RO GRAERBARCERD B
R BT BN R R AR NS R AR AR D DN SN R S NN B AN N B SRR AR B RB N
NN XN ST NN RS NS A NN AN NN N NN AN A A NN AR LN N E N AN R ER NN

sprospnuobio doo-s)s auUl o WSS sU U s1 esusnbes Jsiowoid 21

V& Old



US 10,196,686 B2

Sheet 8 of 60

Feb. 5, 2019

U.S. Patent

Ll R -
§ 4 — &
i
sajnoajol YNy saonpoud pue Ateiqgl) sy seyijdwe Apeauy asesawAjod YNy 21
. Ll _ »:f
.m « - > S~
11 Ll

juswbBely YNQG J0 Spus ayj} je sjeadal
pauaAu; sajeald pue apnoajpnuobijo dooj-wa)s payseye oy} jo puesys .G ayj saoejdsip
Jey} uopoeal sisayjuhs YNNG Ag popudlxa ale sjuawbely YNG Jo spud,g pajeBij-uoN

£ ¢
Ll = n 210%  ~g1

HOS £ Q
sa|noajow dooj-wa)s pus-junjq jo spus g oy}
0} aseby YNQg vL Aq pajeli sie syuswbel) yNG pus-jun|g

L1 Eﬂ n_hm 9

HO.S

$4% Hos
Q MAH\UN.—.
junjqg swodsg pue QWQ‘_@E>_OQ >Q :_OGCm__OQ: pue ¢
¢ Papudxs aie spud ap1joadnuobijo dooj-ws)s pue YNG

LlC——>"  4g
HOS gory 35 HOS

juswibesy YNQG ——0 1l
i

syuawbels dq 000°S- 001 Oul YNQ Ino (s)aseajonuopuzy

aseidwAjod YNY L1 PUB ‘SHLNP ‘SdLNJ ‘4oyng |esioAluf XiN-O-zu3g ‘oseby
VNG 1 ‘osetowiAjod yNg Buipeasjooud ¢ e ‘ases|onuopus bunuawbesy e ‘uoibal dooj ayy
uiyum Jajowoid ;1 yum apioasjonuobijo dooj-wials e Huiuiejuod xiw B PIM YNG 3)eqnouj

V9 Ol



US 10,196,686 B2

Sheet 9 of 60

Feb. 5, 2019

i

klﬂ

g P

% X 2 X X B AN ABEEEEEEEENNEERENEEEAASANSNNNEENNNAIIGGAAGEGOSEREZENNRENEERENAN

e e P

I

D R e L R R PP RNV VPR AT 3

I

YA

e

e R,

g9 Old

A

Ll

Ll

g gy o S gagepapaepepue e pegagepafapegepepepuepu e g gepapapppepe

e

gy ey ey ey e Sy gy

SRR RN NKNNR DB ABOOGOEGRRKN NN KKNNREESSEeaEE e KN NN KNNANNOGDOOOGOECKRNNNNNNK

W

g

@ L1

spuUgAy YNY/VYNG pepuehs ajqnop saanpoid pue (saul] papop) spueljs yNg2 Asejuaws|dwos
sozisayjuls aselduosuel) 8SIoAal B ‘sa|ndajowl YNY JO spua ¢ oiy je uoibal joydepe
[eusajul to 1ajowold 7| oy} 0} Auejuswajdwos siawud Aq pajemiul st uonezuswijod yNG

4 A A 4 A

Ll

g &g

LL

YyvYyYVvYYyYFyvy

U.S. Patent

(ssenbs xyoejq) uoibai Jojowoud 7] sy} weass-dn apposjdnuobijo wals-dooj ay) ojui pasnpo.ul
joojq uonduosuesj-uoneoijdal oy} Je pajeuiuwlal sj uonduiosuel) pajeipaw-asesawAjod YNy LL



US 10,196,686 B2

Sheet 10 of 60

Feb. 5, 2019

U.S. Patent

L Ol

v T v
siauwiLd oyoads-syis ‘jeusaiul Aue 1o v Jownd esiaaiun Buisn uonesyldwe
UDd eyuny pue ‘Bunwuud ‘Bupjow o3 Asojoeijal ag pinom jey} ssinosjowt
VNG uidiiey Buoj 9jead pue spus ¢ ayj pualxs jjim asesswijod yYNQ 2jqeisouiay ]

Y Y
— Te—)
C——>¢ S —

v Q v

sainjongys alj-uidiiey e alojsal pue yoeq pjo} [jim apijosionuobijo dooj
-Wajs ayj jo uonedijdal pue uonebi| Ag pajesld spus YN e sjeadals pausaul ayl

A4

1 v

spuel}s YNQ djeledas pue ainjeuap
Jiim 91942 y0d 181l Buunp 9, 66 03 Bujeoy

v

G

™
A
9



US 10,196,686 B2

Sheet 11 of 60

Feb. 5, 2019

U.S. Patent

8 Ol

HO.Q

Joqul
sjqeotjdas-uonN .@ Jaxuy
(dooy) 193uy) 9|qesiidai-uou e yoeas 2lqealdal-UoN
Aayj jpun appoajonuobijo dooj-wiels payosepe ayj jo puedis G ay; saoejdsip jey)
uopoeal sisayluAs yNg Aq papusixe aie sjuawbel) yNg j0 spus,g pajebi-uoN

A £ HO.S
& I
C HOS & 7 ¢ <Mv

sojnosjow uidiiey pue-juniq Jo spua ¢ ay} o} aseby

v VNG ¥4 Aq pejeby aie sjuswbely VNG pus-junig
£
Ionm n_‘m e .M
% ®4S Hos
i £ H\/u<
Junjg swonaq pue asesswijod Aq  paysijod,,

pue papuaixa aje spus spijoajonuobijo dooj-wals pue yYNQG
ﬁw p £

HO.g 94 v

@
wawbesy YNG d& =)

v b "% hos
£

SdLNP pue ‘d 1y ‘Jeyng [esioaun
XiN-O-zu3 ‘eselbi] YNQ 1 ‘esesewdjod yNg Buipearjooid (¢ e ‘aaxuy] ajqesijdal
~uou y3im apyosjonuobijo dooj-wsys e Buiuieiuod xiw e yim yNQ peajuswbely ayeqnouj




US 10,196,686 B2

Sheet 12 of 60

Feb. 5, 2019

U.S. Patent

v 6 Ol

A 4

&

A
A 4

A 4

F 3

A 4

S

@ v

v Jouiid [esIaAiun Yypm Yod Aq paijiiduwe ase syjuswbel) NG

;v v "
m S e il i el .
v
v €
e - .
K" 3 v v

(dooj) soxui; sjgesijdal-uou e saydead
}1 {3Un apnosjonuobijo dooj-wals payoseye ayj Jo puess 6 ayj saoejdsip 1ey)
uoljoRal SISaYuAs YN AQ papuslIxe Sato9aq pue Sjeauue y Jawild |esisAlun

A

@ A4
Spua £ ayj Je pawio} ainongs ayij-uidiiey ou si aisyl Ing 91040 ¥od ISty
Buunp Bujjoos pue 9, 66 0} Bunesy Jalje ainjonys Mfij-uidiiey e a10)$S4 pue Horq Plo} [IMm
appoajonuobiyjo dooj-ways ayj jo uonebiy Aq pajeald spua yYNJ .S o} 1e sjeadal polsAul ayj

v v A

£ * &
A4 v A4

S

[




US 10,196,686 B2

Sheet 13 of 60

Feb. 5, 2019

U.S. Patent

S

VOl Ol
Jax)ul|
3jqeoljdal-uoN
¥
- &
£ «
ayul|
19)uy| sjqesijdai-uou ayy m_nmu:wh-:oz @
sayoeas § jpun juawbes yNG 84l jo
pus ¢ oy} spusaixa pue apposjonuobijo ®
dooj-weys ayj jo uoniod <
.G 3y} seoejdsip aseiawhjod YNG
Jaxuly &
sjqesijdal-uoN @
'
juswiBeuy Q ®
VNG 3y Jo sjeydsoud g ay) 03 T
apjooonuobijo dooj-wals ayy jJo pud /
£ 2y} seyoene Ajjusjenod (aseby SENITT @ NoIU
VNG 1 ‘ejdwexa ioy) asebi] vNG ajgenyjdai-uoN
" e d&
C -
S £



US 10,196,686 B2

Sheet 14 of 60

Feb. 5, 2019

U.S. Patent

a0l 9l

%

apnosjonuobijo e
dooj-wajs ayj jo uonod G 9y}
S9jeUllul]d pUB SIS diseqe je syealq
$9}e219 ¥YDd Bulinp 9, 66 Je Buiesy

—

8 ATTTTIN

I 1
wOO_ & <

dooj e wiypm deb o1seqy
oiseqe ajqesijdas-uou sy} sayoseal ’
U 113un JuawBesy YNQ @y} jo pus

S 9y} saoejdsip aserowhjod yNG

£ 9y} spusjxe pue apposjonuobijo 7
dooj-wea)s ayj jo uonsod

juswiBbely YNQ a4} jo aeydsoyd
S 924} 0} apjosjonuobijo dooj-ways
ay} jo puas ¢ ay) sayoeye asebi yNG

A

apniosjonuobijo

\ 4

dooj-wials ays jo puess
Jaddn pue dooj e ulylm says
oiseqe sajeald asejAsodf|b-
q i 1e-Np :v\:vibn/

k 4

A

ne PP

nnp.np

A




US 10,196,686 B2

Sheet 15 of 60

Feb. 5, 2019

U.S. Patent

Vil 9ld

uojoral uonebi

ays jo jonpoud
Bupeujwop

ay} aue
siauwiip-s0ldepy

A o ?
M...........vc.............vo ﬁu!!!!vo..!.......vu
- — — —>o T o — — —>&

T 1
..._.ou
ds ﬁ

sjonpoud ajqesisopun — f -g _A....I_V& ®
jonpoud ajqesisap - | d.S
loydepy VYNd



US 10,196,686 B2

Sheet 16 of 60

Feb. 5, 2019

U.S. Patent

dil oOld

uoljejuaLio Jojdepe asiaAul aaey
spua YNQ{ JO %0S Inq uoneuiioj Jowip-ioydepe ou si aidyy

- — — ¢ = —— b
T )
e G r—e
= o -
jonpoud >
a|qedisopun-g A = - M

1onpoud sjqesisap - |

loydepy vNd



US 10,196,686 B2

Sheet 17 of 60

Feb. 5, 2019

U.S. Patent

VNQ 03 pajehi| pue xiw ay} ul Juasaid aselswijod Buipeasjooud ¢ Ag papusixs pue
pasiedau aq |m soidepe obijo-z piepuels sy} uiypm sapijoajonuobijo psy20|g-.£

(9)
S—.

‘llll

oLl 9l

SUOI}RJUSLIO OM] Ul SPUD

(e)
w——

<fo ooox  coom  oosex  sooos

1
YWo o o -

Joydepy

A®

4@

VNd



US 10,196,686 B2

Sheet 18 of 60

Feb. 5, 2019

U.S. Patent

¢l '©ld
a4 VvV
v e ~ 4 vy
hJ ] v
awAzue uonjoLsal oyivads
-aJis e A Ino ale sa}is UOIIOLISal pajeald Aimau syl
S 4 VvV \'/ ¢
£ 3 ° . > s
v @ V ¥

juswbelj YNQ 2y} JO Spus ay) Je sjeadal pajaAul Sajeald
pue appoajonuobijo dooj-wials payoele ayj Jo puens ¢ ayy saoejdsip ey
uopoeal sisayjuis YNg Aq papusixe aie sjuswbel} YN Jo spus,.g pajebij-uoN
< .M _-_o.

¥ HO.S -A.n 1 Mum

se|nsojow
\'4 dooj-wa)s pus-jun|qg Jo spus £ ayj 0} aseby
d A\/H_._O.Vm.m VNG $1 Aq poieby| aie spuswibelj YNQG pus-unig
ds » £
% ®dS Hos
@ € oAH\/Vm

junjq awosaq
pue aseiawAdjod Aq . paysijod,, pue papuaixa

d A/I#WOm 4.6 91e spue apnjoajonuobijo dooj-we)s pue YNGg
® ‘ L2

€7 judwbey YNG d:§ ||Al\./v N

aseajonuopua o1j0ads-a)s e pur ‘s LNP ‘dLV ‘194ng jesisAlun XIN-O-zug ‘aseby
YNQ vl ‘oserswijod yNg Buipeasjooid ¢ e ‘uopoeal syl Buunp pajesauab sys ajqeAed|o
B Yiim apnoajonuobijo dooj-wials e Buiuieluo X e yim YNQg pajuswibel ajeqnouj




US 10,196,686 B2

Sheet 19 of 60

Feb. 5, 2019

U.S. Patent

Vel ‘Ol

001 NN

a

DOV NNN

NNN VOO ¢

NN 100

jeadau papaAul
[euiwLId) 8y} JO a|ppiw ay] uj ases|onuopus
uonduysal | N 093 Aq pajesaso abeas))

v

001 NNNNN VOO ®

S

DOV NNNNN LO3D

*
f|<|k

a)is | N 093

IN 003 10} 8}iS UO}OLI}Sal [EUOROUNY B 9)eaid
pue apyoajonuobijo dooj-wals ay) ui-jji4

N N
vo9 ®

N

100
N N

A



US 10,196,686 B2

Sheet 20 of 60

Feb. 5, 2019

U.S. Patent

ael Old

1 LVV.L

WY L

F 3

1wy ®

1VV.LiL

yesdau popdAUl
[PULLLIB] 3Y) JO JippPIW Y} ul ases|donuopue
uopauIsal | oed Aq pajeaio abeaes|n

v

LIVVLLVY ®

I 3

VVLLVVLL
4
o —
3)is | ded

| ovd 4O} 8)IS LUOHILIISSI B B)edID
pue spiosjonuobijo doo|-lsls sy} ui-jji4

1y




US 10,196,686 B2

Sheet 21 of 60

Feb. 5, 2019

U.S. Patent

3

o€l Old
1
9901V32LLVD
¥OIOVLOO
OVIODLIVIVOLLY
VV1D0199VVLVLOVVE

jeadad @

POHBAUL [BUILLIS) BY] JO J|ppil a3 Ul | NaD-|
ase9jonuopua Bunoy ayy A pajeasd ofieaes))

L
000h<00._.h<...u%<000._.._.<._.<_0._.h<

2

YOIOVLOOVYVLIDLIODIVVIVIIOVVE

— 4 _
-
3ys | | ND-| @

| N8~ 10} IS uoubosal B BJeaId
pue sproajonuobijo dooj-wals sy} ul-jji4

h<<0®h<®0®
v

o

b0
1

’ 3

) vi
OovvivLioY



US 10,196,686 B2

Sheet 22 of 60

Feb. 5, 2019

ainjonss ayij-uidiiey wioj Jjou op sjeadal papaAul HOYS Ylim Spua YNG
oy} aumeradwa) ybiy je asnesaq aqissod si y Jouwind jesIsaiun yim uopesyijdwe yod

£ @ v
asesawi|od yNQ € Aq Ul pajjy,,
ale 9|nodjow YNQ $0 spud.g pajebi-uoN

£ HOS
v m\/hu wllo v
HOS . @

sopnosjanuobijo dool-wv)s pud

-junjq jo spua ¢ ayj 03 aseby| VNQ ¥L
Aq pojeby ode so|nssjowl YNNG pus-junig HO.§

v(O= e ° v
HO.S @ d.§ £

junjg awo9aq
pue aselawdjod Aq  paysijod,, pue papuayxd

ale spud appoajsnuobio dooj-wals pue YNG
&nm

£ o€ HOS
vOo=, i s =Y
HO.S juswbels yNGa ¢ £

\

U.S. Patent

dlV pue ‘dINp “Joyng |esiaAlufn XiN-0-zu3 ‘asebi] yNa 71 ‘osesswijod yNQg Buipeasjoosd ¢ e ‘(saseq
§-G) wals Hoys Alaa ym apijoajanuobijo dooj-wajs e Buiuieuod XM e Ylm YN pajuswbel sjeqnouj



US 10,196,686 B2

Sheet 23 of 60

Feb. 5, 2019

U.S. Patent

pueifss (-) L# paoe|dsIp wouy pawio} ainodjow yNQ uidiiey v

~ Yy 6Ll

A

H v

- d b
~ PUEnST)z# pededsia -

A
oy . S T T P
-

»
@ ! t »
@

) ®
= puexs (+) z# paoejdsiq oY

pueiys (+) 1# vmom_mm_u w04} pouLIo} ajnadjow YNQ vidiiey v @

v

safnoajow YN( paoejdsip ay} uo SISaYUAS puess puosas Sajeliul pue UOHN|OS ojul

spuel}s YN Z# seoejdsip pue s)oiu je Spud ¢ pajeass Apmau spusjxe asesswhjod yNG
¥ v

>
>

r 1
L

&

%

) @ PUEns (+) 1# peoeidsia oI
SPUS YNQ Y104 J& Pajeald aie SHOIU Mau ol SBWS aly) Je ‘UoPNjos Ojul
it </»w_o:m=w VNG [euiBrLio seoejdsip pue syo1u Je spus & spus)xe esesswkjod YNG
. - r e >
oS .@ “spomu v
ases|onu
Buppiuy  @SE8jdnUOpUs Bupjoru e Aq YNQ JO SPUS 410q J& Pasnpoul a1e SHOIN
~a
— _ oty LS
asesjonu
aseajonu Bupdiu 10} olis e pue sjeadal pajaAul paysene yum vNag o\ BuINoIL v



US 10,196,686 B2

Sheet 24 of 60

Feb. 5, 2019

U.S. Patent

(QaNNILNOD) Sl '9Id

% ) T M AIVP%
< i I > Aqu#
< i ] » (et
< L 1 > (~N#

A.TvZ*ﬂ « I { »

A+vm% < I i >

A+VN% « T 1

v

(+)14 A\ I I

U

Areaqy) VNG jo uoiesyjdwe Jeaulj ut Buinsas SaNURUOD SHOJU
MaU JO UOIRAID PUP ‘SISBLJUAS puenS PUDISS ‘SISoLIUAS YNG Juswasedsip pueng

=)

'S
Ll

v

puesis (-) padejdsip L4 WO patio) ajndajow uidiey v

A

sisayjuis puesjs puodas Joye puesis (-) pesejdsip E_“

»
<% e ) 7 R

A

&

SISOUJUAS puBLS PuoISS Jaye puess (+) paoejdsip _#

I { >

¥

>
P

A\ _ puess (+) pasejdsip |# WO} pallLIO) 9jndajoW :_E_mc v

i



US 10,196,686 B2

Sheet 25 of 60

Feb. 5, 2019

U.S. Patent

V9l 'Old

$o1u v
\

19 019Vvo9ol ®

2

VI9DVILIOOV

yeadoas pouaAul
feuiuLIa) oy} jo uoibai doo| sy} ul asea|dnuopud
Bupjotu V1D Aqg’N Aq pajeald st yoiu suQ

19019v99l ®

»

V3I9OVILODV

/[)\l\

a)i1s uoiubooal

VIO AdE'N @

VIO AQE'N 9sesjonuopus Bupjosu sy} 1oy sps uoniubooal
e 9)ea40 pue apijoa|onuobijo dooj-wsys ay} ui-|ji4

A



US 10,196,686 B2

Sheet 26 of 60

Feb. 5, 2019

U.S. Patent

g9l 9ld
¥oluy
v
VI3LOVOOV LLLLLL L 19 219VO9Ol-@
199v910 9|~ YY VYV VYV s DOV I L IOV
soih v
jeadal pajanul jo spus ayj je asesjonuopus

BupnjoIu Yin AQE'N Palealo ale $HOiU oM
VI3I1LIVDIY = | | L1 L] | e | € ) | OO |- @
199VOL09D1 YVVYVVVVY VOOVILOOV
ajis uoniubooal ajis uonuboosal

VIO AGE'N @ VIO AGE'N

VIO AQE°N @seejonuopus Bupjoiu ayj Joj ays uontubosal
e 9}eaid pue apioajonuobijo dooj-wals ay} ui-|ji4

19019Vo0 L@

VYOOVILIOV <«



US 10,196,686 B2

Sheet 27 of 60

Feb. 5, 2019

U.S. Patent

(AN

291 Old

"¢ pue ‘' ‘} suoibai dooj - ¢7 ‘111

‘¢ pue ‘Z ‘| suoibes wals ~ ¢S ZS ‘LS

{ro10 ‘deb 10 alis aiseqe ‘dnoib jeajways) Roojg uonduosuesy 1o uonjesldel - g
{asesjonuopud UooLIsal e 10) aduanbaes uoniubooal - Yy

‘aseajonuopuad Bupjoiu e Joy 9suenbas uoniubooas - N

‘suoifau wealysdn pue weaI}SUMOP
uonduosuel) juSIoe 10 Aressanau jje Buipnjoul) ssusnbes ssjowoud 211~ 21

Ll
Ll
2

€S ¢S IS 1S
L1

n
"
0

€1 N 00.-!‘

2 4N



US 10,196,686 B2

Sheet 28 of 60

Feb. 5, 2019

U.S. Patent

L1 "Ol4

Arergqi

YNQ swojAyjop
padiny

Areiqi1 vNG
VOM payiduy

4

Areaqgi

VNG swojAyiay

Buuoo
Joy Areiqi NG

A

Aseiqi VNG YOM

sawAzua
uoneosjjdde oyioedg

-+

XN
19)SBIN JUSWIYORPY
obBijo dooj-welg

XIN-O-Zu3

VNG

uonoesy aqnj
-auQ deyg-9|buig



US 10,196,686 B2

Sheet 29 of 60

Feb. 5, 2019

U.S. Patent

8l '©Old
SdLNP
s
dLV dLNP
layng jesiaAun div SdiNP
ia)ng [esianiu
aseby| YNQ ¥L Hng (Esienun dlv SdLNP
asesowAjod asebi| vNa vl ispng |esiaAiun dlv
VvNQ Buipeasjooud ¢ asesswfjod asebi YNQ YL 101Ng [ESIOAUN

VNQ Buipeasjooud g *
2sea|oNnuUopuUd asesowl|od osebi
ol1oads-ayg asejAso0s4|b6-nNp VNG Buipeayoouid ¢ HVNQ PL

asesdwhjod

uoneosydas Aq (oiseqe) (jeonuays)

pajeaid a)is ajgeaes)d
yum apnoajonuobijo
dooj-wa)g

Joxuy sjgesijdas-uou
yyim apyoajonuobijo
dooj-wayg

Jul] a|qesydal-uou
yim apyoasjonuobijo
dooj-walg

vNQa Buipeaijooud ¢

apijoajonuobijo
dooj-wolg

Al
XIA 49)SBN JuBWIyoeny
objo doo-welg

i
XiAl 49)Se JUsILOeY
obijo doo1-w9)g

H
Xi|Al 19)SE JuswiyorRY
obj0 dooj-welg

|
XIN 19)SE Juswiyoepy
obyjp doo-welg




US 10,196,686 B2

Sheet 30 of 60

Feb. 5, 2019

U.S. Patent

V6l 9Old

S8leIgiT BWoUSL) SJOYAA Pallduy JO SBlRIgIT SUWOoUSS) 8JOUAA

+ aseiowifjod YNY

aseajdnuopud BUNOIIN VNG 2fpydowiay

© T {reuopdo) " A .................. yoTTT T !
H : SIRE jeuondo) :

i oeserswhjod yNg || | SN “ (reuondo)

s Bupoeidsip puens + | ; asejawijod

€ XIN-O-2ud ¢ XIIN-O-2uZ L XIN-O-2ud

] 1 1

vNQ pajuawbely




US 10,196,686 B2

Sheet 31 of 60

Feb. 5, 2019

U.S. Patent

dol "Old

SalIelgi] swousn) ajoyp pauyldly Jo selelqi awouas) 8joyp

H
1
i
1
1
%
[
1
i
1
[

(teuondo)
aserewjod YNQ
Buiordsip puens +
aseajonuopud BUuNIN

{reuoydo)

ScdLN4
+ osesowijod YNY

(1euondo)
aseawijod

VNG 2iiydoway g

w {s)oseajonuopus . . (s)esesjonuopus _ {s)oseajonuopus
uoneyuswbey yNg | uopeuawbey YyNG | uopeluowbeyy YNQ |
g XiN-O-2u3 G XIN-O-2uj ¥ XIN-O-2u3
VNG MIAH




US 10,196,686 B2

Sheet 32 of 60

Feb. 5, 2019

U.S. Patent

a6l Ol

sauelqgi swojAyIaN S|OUAA Paulduuy JO SaLeIqiaLOjAYIa SJOUM

1

1

1

; (teuondo) :
i esesawhjod YNQG |
¢ Bupoejdsip puenis + !
rasea|dnuopua BuppIN |

lllllllllllllllllllllllllll

awAzue uoRdL)SAl
: 9ApIsuas-uonejAyla

(1euondo) !
SdLN4 !
+ osesswhjod yNY

lllllllllllllllllllllllllll

awAzue uonoLysal
aAlISuUdIsS-uonejALION

! (feuogdo) :
m asesawAjod
I VNQ oniiydounsayy

lllllllllllllllllllllllllll

m Xiu
,  awAzue uoyousal
| aApIsuas-uone Yo

6 XIIN-O-2u-

1]

8 XIIN-O-2ud

]

L XIN-O-2ud

1]

VNQ pajuswibel




US 10,196,686 B2

Sheet 33 of 60

Feb. 5, 2019

U.S. Patent

asl old

sallelgi] sWoAYIa 9JoUYM payijduly Jo selelqi] sWolAyI8|A SJ0UM

“ (teuondo)
i 9sesswdjod yNG

! Buseidsip puens +
'aseajonuopua BujoIN

lllllllllllllllllllllllllll

awAzua uoiousal
aAnsuas-uonejAyls

(s)eseappnuopua
uopejuswbely yNG

(reuondo)
! Sd.LN4
'+ aserpwAjod YNY

QWAZUS UOHOLIYSAI
! | aAlSUasS-uonelAyeN

(s)osesjonuopua
uoneuswbely yNg

! (feuondo)
: asesswAjod
| VNG oHtydouuay)

X{w
i awAzua uoyoLlsal
| aAisuas-uoyeiAyo

(s)asesjonuopus
uonruswbel yNg

.

¢l XlIN-O-2ud

]

L1 XIIN-O-2ud

]

0l XiN-O-2ud

]

VNA MIAH




US 10,196,686 B2

Sheet 34 of 60

Feb. 5, 2019

U.S. Patent

361 Ol

Buluo|n 1o} saleigiT] aWOoUas) 9|JOYAN

]

i (s)osesjonuopus

]

uoyeswbhely yNG
bl XIN-O-ZUT €l XIN-O-zu3
VNG MINH VNG pajuswibeny




US 10,196,686 B2

Sheet 35 of 60

Feb. 5, 2019

U.S. Patent

V8E/96#

VNQa payijduy
Jo Aieiqgi

G# VNG paynduwy
10 Aeaqin

P# VNG payldwy
1o Ateiqin

c# VNG payiidwy
10 Aieigi

Z# VNG payiidwy
10 Aseiqi

L# VNG paijjdwy
1o Aseiqi

T

T U T UTT

0¢ ©Old

P8E/96H#
sjdwes ¥NQ

G# adwes yYNG

it ojdwes YNQG

c# sjdwes yNG

zit ojdwes yNG

L# eidwes yNQ

1 Ir 1r

(D0 0Z- 1
paJo}s ag ued)

XIN-O-zuzg

N jusbeay

G Juabeay

¥ Jusbeay

¢ Juobeay

Z Juobeay

1 Juabeay




US 10,196,686 B2

Sheet 36 of 60

Feb. 5, 2019

U.S. Patent

auw |
‘raquinN 919A9

Vic 9ld

Aisusyuj
aouaosaion|4

¢ Joyng |esioAlun

ul XiN-O-Zu3l ypm
Buissasoid yNG

Z oyng [esioAlun

ul XiN-O-Zu3l ypm
Buissasoid yNG

VNd

| 13}ng |esiaAIun
ut XIN-O-Zu3d yim
Buissaosoid YNQ




US 10,196,686 B2

Sheet 37 of 60

Feb. 5, 2019

U.S. Patent

SwH |
‘raquinp 91949

dic Old

Kyisuayuy
aouassatoni4

(¢

£] aimerodwal

je XiN-O-zu3z yim
Buissaosoid yNQG

] synjesaduwia)
}2 XIN-O-ZU3 ylm
Buissoaosoid yNG

VNd

' aunjesadwioy
1 XiN-O-Zu3 Yiim
Buissasoid yNG




US 10,196,686 B2

Sheet 38 of 60

Feb. 5, 2019

U.S. Patent

awi L
‘raquinN ajoAn

Jl¢ 9l

Ayisuajuy
9oud9saloniy

(=

€D uoienuaduod
N juauoduod
Yim XiN-O-zu3
Aq Buissaosoid yYNQG

¢\ UOIIBIUBOUOD
N Juauodwod
Yim XiN-0O-zu3

Aq Buissaosoid YNQG

VNd

'WD uoleIuU9dUO0D
N jJusuodwod
Ym XiN-0-zu3g
Aq Buissasoid yNG




US 10,196,686 B2

Sheet 39 of 60

Feb. 5, 2019

U.S. Patent

¢¢ 9ld

Jdquiny dPA)

gl Lot sl v €l abiloLe 8 L 9 ¢ v € ¢ |

. b3

P e L

AW\\mW\mTiAw o

\.\.\

e

AN0oT oN

{
/
/

0¢
0€
oY
0G
09
0L
08
06
001
0Ll

njy Xe]Al %



US 10,196,686 B2

Sheet 40 of 60

Feb. 5, 2019

U.S. Patent

€¢ 9Old

JdquInN 9J94)

|

0C 61 8L ZL 9L Gl vI €L ¢l L

l

0L 6 8 L 9 ¢

vqta
uidaiey

f\&vﬁ\ﬁé

DUH

0¢

ov

09

08

004

0ci

R XeJA %



US 10,196,686 B2

Yv¢ Old
JdquinN dA)

Sheet 41 of 60

6 L& GE €€ 1€ 6C LC GC € ¢ 6L LI Gl €L Ll ©

USSR NN SO

L g ¢t}

SSUUSUUUUS SUUUE FUUUS JUUUU SUUUE SUUUS SN |

0¢

7

09

Feb. 5, 2019

08

00}
P# SILS

0ci

U.S. Patent

Ny XeAl %




US 10,196,686 B2

Sheet 42 of 60

Feb. 5, 2019

U.S. Patent

avc Old

JdquIny dPA)

6 LE GEECE LEBC LCGCEeC el LLGLELLLG L 6 € |}

)

61# S.LS

0¢

oy

09

08

001

0cl

njy Xe]Al %



US 10,196,686 B2

Sheet 43 of 60

Feb. 5, 2019

U.S. Patent

ove 9Old
JquIny PA)

6 LC G EE e 6C e Sceclcol b SleELlil e L G €

l

St# SILS

0¢

oy

09

08

004

0ci

g xXejAl %



U.S. Patent Feb. 5, 2019 Sheet 44 of 60 US 10,196,686 B2

-
=D’
0
O
= o
D
+ u =
= S
o
o =
-
o Z
=
o O
o
wH
<3
(a9
o~
Q

A XeA %



US 10,196,686 B2

Sheet 45 of 60

Feb. 5, 2019

U.S. Patent

9¢ 9Old

JdquInN dP4A)

m_‘wwﬁ\@vmrv.\m_\m_\:o_\ 6 8 4 @ S # € N }

ELERTRY mom e

WNAON~ /)

x\ a%$\xx

0c¢
o€
ov
0G
09
04
08
06
001

L 0L

g Xe]Al %



US 10,196,686 B2

Sheet 46 of 60

Feb. 5, 2019

U.S. Patent

L¢ Ol

noun perelAuisy = -
Noun paelAyIsW-UON = -N ‘1N PolRjAYIBW-UON = +N

Jaquinp sjpAn

IND paiejAyIen = +IN

JaquinN 8jpAn

GO EP OV LEVE LE BT ST T2 6L OLELOL £ v

Y OV EVY OP LEPE L€ 8T G2 2T 6L 0L ELOL L ¥

............... , .\,..»..,‘.4,,_:.% i O R iw.q.u.w« P TTee O
v 74 0z oz
/ i
N 4/ «\ oF oy
‘ %.Z 09 5% 09
4 \Mn“\/_ 08 DWu 08
- “hayy.
WM.MMMWMW&WWWNW %\I 444444444444444444444444444444444444 mwuHm<<<. 001 X 0‘0‘6.”0'., - 004
Py ganNdd
0zL | h 0zt
<
Jaguinp sjohn JaquinN 8joAn
6Y OV SV OV LE YC LE ST ST TZ BLOLELOL L ¥ b 6 9 £V O LS ¥E LS BZ SZZZ 6L OLELOL L ¥
ST e T T eT T eas CrsT Y ey 0 A T 0
R /g o - .:::4 ,\?.m«xﬁﬁﬁnmﬂ o
7 N Al ol
\<\ / or om. +< “ 4\ ov
+§_§\ 3 TE
y 09 7 ¥ ..m.Z 09
.,;...Z 08 EWU ..\ i A 08
Xy * -
N n -S_ s oo < | niitme zﬁ: .R\Mx W = oot
raUin Py 1-d1S9O
oz1 | = 0Z4

N XN %

N XBN %



U.S. Patent Feb. 5, 2019 Sheet 47 of 60 US 10,196,686 B2

o
o B
-

S 3
Oﬁ )
W (\f

FIG. 28

1oppel +Q31

aSeSIT L+

ose3I] y1-
19ppel +q3 |




U.S. Patent Feb. 5, 2019 Sheet 48 of 60 US 10,196,686 B2

Rrdwo)

asesI] 1 ON

FIG. 29

41 DOAqd’N ON




US 10,196,686 B2

Sheet 49 of 60

Feb. 5, 2019

U.S. Patent

Areagi
Xi-O-2usg peidwy ¥YNJ
— | j020104d 8qn}
BUlohs UL € D ol U | -pasop ‘deis-|
M ooL-gL §
KIN-O-zus uoneoydwe
pue sISaUIuAs Arsigr
FSTINIT Aseaqy
KR-O-2ug pagliduy XIW-0-zug VNG
|00030.4d
B ol eneremees— | gy . s N
BuroAo U 1 76 UL egnj-psuado ‘dels-g
DETAAN gL
£ Jaying “xiw ¥ Jsyng ‘Xig-Q-zug
igisews uopesiduie Mod SISOUIUAS AR

v0E Old



US 10,196,686 B2

Sheet 50 of 60

Feb. 5, 2019

U.S. Patent

L€ Ol

ainjejadwa}

UOHEIJUSOUOD YNC



US 10,196,686 B2

Sheet 51 of 60

Feb. 5, 2019

U.S. Patent

¢t 9Old
nm
> S9)IS diseqy soseqg-Np
JBwld HOd N € ¥\ £
|eSJaAIUN AU A . v AU mw e >
=, nm nm
0} ‘D056 e Jeay Ul “D0/€ Je JesH
h G
ioydepy doo-wels
uonejuswbely

-owayy Aq paonpoud
10ydepe-g o sponpold



€ Old

US 10,196,686 B2

al v#L €1 ¢ LL OL 6 8 L 9 § ¥ € ¢ |

00

009

009

Sheet 52 of 60

004

Feb. 5, 2019

008

006

OSNAdON= OV

0001

U.S. Patent




US 10,196,686 B2

Sheet 53 of 60

Feb. 5, 2019

U.S. Patent

v€ Old

VNQ pojeqej VNY 40 ‘YNQ
pue pajdwe payidwe
[
oom%oo ‘pojuswibety VNQd
ozo=0200
0205020202500
LoLcL520202626%
O=O=0 02020020
OZO20O 820 " @200
Re3050 503030602 —— — )
oSS sisAjeue BulloAo ‘YL « D olE Y L
OOO

Aeiieouoi 4/

Xiw Jajsew Bulsqe|
pue ‘uoniesyidwe
‘s1sayjuis Aieiqr



US 10,196,686 B2

Sheet 54 of 60

Feb. 5, 2019

U.S. Patent

YGe Old
90BNS {|om/aqn} B 0} payoepe Ajjusienoo
09H ofiijo ue 0] uoibal was G pasodxa auyl Jo
uonezipugAy Ag uonezijigowus AJRiql JUSJEAQD-UON
OJH
OJH
OJH
OJH
Aieiql} VNG poazijiqowiu A{Jus|eA0d-UON
Areiql wNG
C=
sobijo doojwayg C== =2 <= VNG MINH
ﬁ 8

vNQ pajuswbelq



US 10,196,686 B2

Sheet 55 of 60

Feb. 5, 2019

U.S. Patent

dq¢ old

99BLINS j[oM/agm B 0} paysele Ajjusieaod O 1I0NJISuoD
obio ue oy uoibal wWals .G pasodxs ay) jo uoneby

dnoib syeydsoyq e pue uonezipugAy Ag uonezijiqowwi Aleiqi JUsieA0D

021

L . i)

uoibas 0610 G O peABSl) =

- @ — OUI—

- ¢ - — 021
031

Ateiqil VNG paieARY Areaqif YNQ pazijiqoww Ajjuajenod)

i

Aiesqij NG
C= @
C—=
sobijo doojwalg C= =2 <= VNG MIH

ﬁ B
VYNQ pajuawbely




US 10,196,686 B2

Sheet 56 of 60

Feb. 5, 2019

U.S. Patent

9¢ Old

juswiyoepne
apnroajonuobijo
ainydeo e jo eale
oY} MOYS saulj
Yoeiq pios sy}

DDD/

<5

uofjezjjiqowiw pue
sisayjuhs Aieaqy

pojeipaw-XiN-0-zu3
10} Jewo) peaq y

uognezijiqowu
pue sisayjuls
Aieaqy pajerpaw
-XiN-O-zu3x 10§
jeuwnio} Aeileodiw y

uonezijiqowiui
pue sisayjuls
Kieaqy pajeipaw
-XiN-Q-zu3 104
jeunio} ajejdousiw y

uojezijigowiw; pue
sisayjuAs Aeaqi

pajeipaw-XiN-0-zu3
104 Jeuwnio} aqn} y



US 10,196,686 B2

Sheet 57 of 60

Feb. 5, 2019

U.S. Patent

LE "Old

T LI

Y
£
-+

oot ot

010 ‘|9SSaA 8y} |9SSOA
ojui payoadiul st jusbeal uonoeal ay} JO aoeuns |9SSOA
puOd9s B pue ‘pPaysem 3y} 0} payoee awo0o9(q uooBal 8yl Ol
Si [9SSOA 8U) ‘POAOWIBI S Aisnoaueynuwis pue wabeau xipN-O-zu3
abeal XIN-O-Zu3g 8y pazisayiuAs si Aueiql oy snid YNQ 100luj



US 10,196,686 B2

Sheet 58 of 60

Feb. 5, 2019

U.S. Patent

8¢ Old

o d0d
o
- m——
g Jawitid W Jowilid
ﬁ -~
siawilid 9JBAloR pue YN 24njeuap 0} Uil QL 10} D056 I 18aH

obijo .
g oby | @ g

dooj-wayg

@ dooj-walg

Ui 0 10§ Dol€ I8 ajeqnou; pue ‘Joyng ¥od Pue ‘sdLNp ‘esesswi|od be} ‘g pue y
sapijoajonuobijo dooj-wals Buiueiuos-np ‘oyioads-snoo| om) ‘asejAsosA|B-np ppY

VYNQ



US 10,196,686 B2

Sheet 59 of 60

Feb. 5, 2019

U.S. Patent

6¢ Ol
£
B Sa)Is oIseqy saseq-nNp
g Jeuwiid ¥od N\ £ N\ £ 6
: > ‘ > g oblo
< A JUN. x.v...........m N — ¢ doot-weg

, £

Vv Jouilid ¥od € £

—> (X > v obio

S /ﬂs S doo-wess
h 5 SBIS JIseqy saseq-np

sapnospNubl0 g1 ‘9.56 0€ ‘Dol€
-doo-walg je Jeay je jesH
JO sjonpoud




US 10,196,686 B2

Sheet 60 of 60

Feb. 5, 2019

U.S. Patent

awi |

Oy "Old

I 3

A

4

d0d o_*_oumw_
-SN20] }e}s JOH

uoijeAoe
slawiiid

uofjezijiqejsap
obijjo dooj-wivyg

ainjesadwa|

uone.uadU0D YNQ



US 10,196,686 B2

1
KITS INCLUDING STEM-LOOP
OLIGONUCLEOTIDES FOR USE IN
PREPARING NUCLEIC ACID MOLECULES

The present application is a continuation of U.S. appli-
cation Ser. No. 14/250,538, filed Apr. 11, 2014, now U.S.
Pat. No. 9,598,727, which is a continuation of U.S. appli-
cation Ser. No. 13/766,607, filed Feb. 13, 2013, now U.S.
Pat. No. 8,728,737, which is a continuation of U.S. appli-
cation Ser. No. 13/286,937, filed Nov. 1, 2011, now U.S. Pat.
No. 8,399,199, which is a continuation of U.S. application
Ser. No. 12/892,359, filed Sep. 28, 2010, now U.S. Pat. No.
8,071,312, which is a continuation of U.S. application Ser.
No. 12/270,850, filed Nov. 13, 2008, now U.S. Pat. No.
7,803,550, which is a continuation of U.S. application Ser.
No. 11/366,222, filed Mar. 2, 2006, now abandoned, which
claims priority to U.S. Provisional Patent Application Ser.
No. 60/704,932, filed Aug. 2, 2005. The entire contents of
each of the above-referenced disclosures are specifically
incorporated herein by reference.

The sequence listing that is contained in the file named
“RUBCP0026USC6_ST25.txt”, which is ~6 KB (as mea-
sured in Microsoft Windows®) and was created on Feb. 10,
2017, is filed herewith by electronic submission and is
incorporated by reference herein.

The present invention generally concerns the fields of
molecular biology and cellular biology. In particular, the
present invention regards preparation and amplification of
molecules, optionally utilizing a novel single-step reaction.

BACKGROUND OF THE INVENTION

Enzymatic reactions that involve DNA and RNA are
numerous, and they play a central role in maintenance and
propagation of living cells. Since the discovery of the DNA
double helix structure in 1953, researchers have found,
isolated and introduced into practice a multitude of different
enzymes that can, for example, cut, nick, trim, join, unwind,
phosphorylate, de-phosphorylate, methylate, de-methylate,
recombine, replicate, transcribe, repair, and perform many
other reactions with nucleic acid molecules. These enzymes
are now actively used in many areas of biology, biotechnol-
ogy and medicine to clone, amplify, sequence, identify
mutations, quantify gene copy number, establish expression
patterns, determine DNA methylation status, etc.

Frequently the process of DNA analysis involves multiple
enzymatic reactions that are performed in a sequential
manner, with intermediate purification steps between the
reactions. Sometimes, the reactions are multiplexed to com-
bine in one reaction the analysis of several DNA or RNA
targets, and the nucleic acid processing or analysis may
involve mutiplexing of two or three enzymatic processes in
one reaction. Furthermore, DNA and RNA enzymatic reac-
tions frequently utilize synthetic nucleic acid components,
such as single stranded or double stranded oligonucleotides
that function as PCR or sequencing primers, ligation adap-
tors, or fluorescent probes, for example.

Adaptors and their Use for DNA Processing

Supplementing DNA ends with additional short poly-
nucleotide sequences, referred to as an adaptor or linker, is
used in many areas of molecular biology. The usefulness of
adapted DNA molecules is illustrated by but not limited to
several examples, such as ligation-mediated locus-specific
PCR, ligation-mediated whole genome amplification, adap-
tor-mediated DNA cloning, DNA affinity tagging, DNA
labeling, etc.
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2

Ligation-mediated Amplification of Unknown Regions
Flanking Known DNA Sequence

Libraries generated by DNA fragmentation and addition
of a universal adaptor to one or both DNA ends were used
to amplify (by PCR) and sequence DNA regions adjacent to
a previously established DNA sequence (see U.S. Pat. No.
6,777,187 and references therein, for example, all of which
are incorporated by reference herein in their entirety). The
adaptor can be ligated to the 5' end, the 3' end, or both
strands of DNA. The adaptor can have a 3' or 5' overhang,
depending on the structure of the overhang generated by
restriction enzyme digestion of DNA. It can also a have
blunt end, especially in the cases when DNA ends are
“polished” after enzymatic, mechanical, or chemical DNA
fragmentation. Ligation-mediated PCR amplification is
achieved by using a locus-specific primer (or several nested
primers) and a universal primer complementary to the
adaptor sequence.
Ligation-mediated Whole Genome Amplification

Libraries generated by DNA fragmentation and subse-
quent attachment of a universal adaptor to both DNA ends
were used to amplify whole genomic DNA (whole genome
amplification, or WGA) (see U.S. patent application Ser.
Nos. 10/797,333 and 10/795,667 and references therein, for
example, all of which are incorporated by reference herein
in their entirety). The adaptor can be ligated to both strands
of DNA or only to the 3' end followed by extension. The
adaptor can have a 3' or 5' overhang, depending on the
structure of the DNA end generated by restriction enzyme or
other enzyme used to digest DNA. It can also have a blunt
end, such as in the cases where DNA ends after enzymatic
DNA cleavage are blunt or when the ends are repaired and
“polished” after enzymatic, mechanical, or chemical DNA
fragmentation. Whole genome PCR amplification is
achieved by using one or two universal primers comple-
mentary to the adaptor sequence(s), in specific embodi-
ments.
Adaptor-mediated DNA Cloning

Adaptors (or linkers) are frequently used for DNA cloning
(see Sambrook et al., 1989, for example). Ligation of double
stranded adaptors to DNA fragments produced by sonica-
tion, nebulization, or hydro-shearing process followed by
restriction digestion within the adaptors allows production
of DNA fragments with 3' or 5' protruding ends that can be
efficiently introduced into a vector sequence and cloned.
Use of Stem-Loop (Hairpin) DNA Oligonucleotides for
Nucleic Acid Analysis

Stem-loop (also referred to as hairpin) oligonucleotides
have been used in several applications for analysis and
detection of nucleic acids. These applications include
molecular beacons, stem-loop PCR primers, and stem-loop
DNA probes, immobilized on microarrays (Broude, 2002).
Molecular Beacons

A molecular beacon is a single-stranded oligonucleotide
probe containing a sequence complementary to the target
that is flanked by self-complementary termini, and carries a
fluorophore and a quencher at the 3' and 5' ends, respectively
(Tyagi and Kramer, 1996). In the absence of target the
fluorophore and the quencher are in a close proximity, which
quenches fluorescence. Upon hybridization with the target,
the beacon changes its conformation so that the fluorophore
and the quencher become separated, and fluorescence
increases up to 100-200 times. Molecular beacons have
found many applications for real-time monitoring of PCR
(Tyagi et al., 1998) and isothermal amplification (de Baar et
al., 2001), as microarray-immobilized probes (Liu et al.,
2000), as antisense probes for RNA detection in vivo (Sokol
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et al., 1998), and as a probe to measure DNA polymerase
activity (Summerer and Marx, 2002) and monitor confor-
mational changes of DNA targets (Goddard et al., 2000).
Stem-loop (Hairpin) PCR Primers

PCR primers containing hairpin structures on their 5' ends
with donor and acceptor moieties located in close proximity
on the stem-loop stem have been proposed for homogeneous
(a closed tube) format for amplification, real-time quantifi-
cation and mismatch detection by PCR (Broude, 2002). A
stem-loop primer with a fluorophore at the 5' end and a
“scorpion” probe is simultaneously a molecular beacon and
a PCR primer (Whitcombe et al., 1999). It has a tail attached
to its 5' end by a linker that prevents copying of the &'
extension. The probe element is designed so that it hybrid-
izes to its target only when the target site has been incor-
porated into the same molecule by extension of the tailed
primer. It was also shown that stem-loop probes can be used
as primers for PCR to reduce primer-dimer formation and
mispriming, thereby increasing its specificity (Kaboev et al.,
2000).

Stem-loop Microarray Probes

Stem-loop probes can also be used as capture devices if
the loop is immobilized on a surface and dangling ends are
used for stacking-hybridization, thus providing both faster
kinetics and higher hybrid stability (Riccelli et al., 2001).
Immobilized molecular beacon probes can be used for direct
detection of non-amplified target DNA and RNA molecules
(Hamad-Schifferli et al., 2002).

Multiplexed Reactions that Involve DNA and RNA Mol-
ecules

Several types of multiplexed reactions that involve DNA
or RNA are described to date. The multiplexed reactions can
be divided into two major categories: reactions where two or
more DNA/RNA sequences are amplified or detected simul-
taneously in one enzymatic process, and reactions where
several enzymatic processes occur simultaneously with one
DNA or RNA template.

Several Targets-one Enzyme

Multiplex PCR and RT-PCR are examples of the first
category of multiplexed reactions (Mackay et al., 2000). In
this case, several genomic or cDNA regions are amplified in
one polymerase chain reaction carried out by one thermo-
stable DNA polymerase. Whole genome or whole transcrip-
tome amplification is another example of highly multiplexed
DNA/RNA amplification reactions carried out by metho-
philic (Phi 29) or thermophylic (Taq) DNA polymerase
(Sambrook et al., 1989).

One Target-several Enzymes

“Long distance” PCR, nucleic acid sequence-based
amplification (NASBA), its analog, transcription-mediated
amplification (TMA), and DNA strand-displacement ampli-
fication (SDA) are examples of the second category of
multiplexed DNA/RNA amplification reactions. In the “long
distance” PCR method there is a mixture of Tag DNA
polymerase and another thermo-stable DNA polymerase
with 3'proofreading activity (Barns, 1994). TMA and
NASBA methods utilize transcription-mediated amplifica-
tion that involves three enzymes: T7 RNA polymerase,
reverse transcriptase, and RNase H (Deiman et al., 2001). In
the SDA method, two enzymes (a DNA polymerase and a
restriction endonuclease) are combined in one enzymatic
step to amplify DNA (Hellyer and Naolean, 2004).

DNA nick-translation method is an example of a DNA
labeling reaction that involves two enzymes. The method is
based on simultaneous incubation of DNA with DNase I and
DNA polymerase 1. DNase I generates nicks in the DNA
molecule, while DNA polymerase 1 incorporates labeled

20

25

30

35

40

45

4

nucleotides by initiating DNA synthesis from the nicked
sites (Sambrook et al., 1989).

dU-glycosylase (which is also referred to as Uracyl-DNA
Glycosylase or UDG) and endonuclease VIII can be com-
bined to produce the enzymatic mix, or the USER enzyme
for fragmentation of DNA containing dU bases (New Eng-
land Biolabs; Beverly, Mass.) may be employed. The frag-
mentation process occurs through enzymatic generation and
cleavage of abasic sites at positions of dU bases.
Several Targets-several Enzymes

There is description of multiplexed amplification and
detection of several nucleic acid sequences using three-
enzyme TMA and NASBA methods (van Deursen et al.,
1999).

SUMMARY OF THE INVENTION

The present invention overcomes deficiencies in the art by
providing novel methods and compositions for amplification
of a plurality of double stranded DNA molecules by incor-
porating at least one sequence onto the ends of the DNA
molecules. However, the invention avoids the disadvantages
of other methods, such as the generation of primer dimers in
polymerase chain reaction, for example.

In particular, the present invention allows for the ampli-
fication of molecules having at least one double stranded
region by using adaptors that avoid the limitations of some
adaptor molecules, such as those having the propensity to
form adaptor dimers. In certain aspects, the present inven-
tion provides an inert oligonucleotide for attachment to a
double stranded molecule such that it renders the oligonucle-
otide-ligated molecule capable of being modified, such as
amplified, for example by polymerase chain reaction. Upon
attachment of the inert adaptor to the molecule, the attached
oligonucleotide becomes active and suitable for providing at
least in part one or more sequences employable for ampli-
fication, while the non-attached, free adaptor remains inac-
tive. For example, during polymerase chain reaction the free,
non-attached inert adaptor can neither be primed nor used as
a PCR primer (until it is intentionally and specifically
fragmented and converted into a PCR primer); during ampli-
fication by transcription the promoter sequence of the non-
attached, free adaptor does not initiate RNA synthesis;
during amplification by strand displacement, the nicking
enzyme recognition sequence of the non-attached adaptor
remains uncut.

In particular aspects, the inert adaptor comprises a stem-
loop oligonucleotide, wherein the inertness of the stem-loop
oligonucleotide is at least in part a result of the dormant
nature of its unique structure, biochemical propereties (one
enzymatically active end), and/or physico-chemical charac-
teristics (extremely high thermostability, for example). The
oligonucleotide may comprise RNA, DNA, or both. The
oligonucleotide may have one or more hairpins, and it may
be further described as comprising any structure with mul-
tiple secondary structure and only one end. In specific
embodiments, the oligonucleotide can change its function-
ality upon attachment to a double stranded nucleic acid
molecule (DNA, RNA, or both). In other words, because of
a conformational change of the oligonucleotide upon (such
as following, for example) attachment to a double stranded
nucleic acid molecule, one or more functional properties of
the oligonucleotide become altered, such as one or more
functional properties hidden in the oligonucleotide prior to
attachment manifesting upon attachment.

In addition to the advantages provided by the adaptors of
the invention, the invention further provides novel condi-
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tions for modification of DNA molecules with the adaptors,
and subsequent amplification. In most cases in the art, the
process of DNA analysis involves multiple enzymatic reac-
tions that are performed in a sequential manner, frequently
with intermediate purification steps between at least some of
the reactions. For example, preparation of DNA libraries for
subsequent amplification and analysis involves ligation of
adaptor sequences to DNA ends to introduce a priming site
for the PCR-mediated whole genome amplification and
ligation-mediated PCR, a promoter element for the tran-
scription-mediated DNA amplification, and/or cohesive
ends to facilitate DNA integration into a vector molecule for
cloning. Preparation of library from genomic or viral DNA
by current adaptor attachment procedures typically occur in
6 steps (FIG. 1A):

Step 1—fragmentation of high molecular weight (HMW)
DNA to a size amenable to amplification or cloning;

Step 2—DNA purification to remove nucleases and other
reagents;

Step 3—*“polishing” of DNA ends by a 3' proofreading
DNA polymerase(s) to generate blunt-ended DNA frag-
ments with the 3' hydroxyl and 5' phosphate groups at the
termini;

Step 4—DNA purification to remove the polymerase and
replace the buffer, or, alternatively, heat inactivation of the
DNA polymerase;

Step 5—adaptor ligation; and

Step 6—3' end extension (in the case when an adaptor is
ligated only to one strand of DNA, specifically to the 5'
phosphate).

However, such a multi-step process takes a considerable
amount of time (1-2 days) and can be a major obstacle for
high throughput and diagnostic-type applications, for
example. The process becomes more complicated when
library preparation involves additional enzymatic steps, such
as DNA or library digestion with methylation-sensitive or
methylation-specific endonucleases (for example, in the
preparation of Methylome libraries, such as are described in
U.S. patent application Ser. No. 11/071,864, filed Mar. 3,
2005, which is incorporated by reference herein in its
entirety), or restriction nuclease cleavage within the adaptor
sequence to produce sticky ends for DNA cloning.

The present invention satisfies a long-felt need in the art
for obviating the requirement for multiple manipulations for
nucleic acid processing. The current invention introduces
and demonstrates new methods and compositions that allow
reduction of several important multi-step enzymatic DNA
processes to a single-step-reaction that is performed in one
reaction volume (FIGS. 1B and 1C). Such simplification has
been achieved by developing a highly multiplexed enzy-
matic method (Enz-O-Mix) that combines a substantial
number (from 2 to 10) of enzymatic processes into one
complex reaction mixture that occurs under universal buffer
conditions.

Specifically, the current invention introduces novel pro-
cesses of DNA library preparation and/or DN A amplification
(FIG. 1C) that reduce the whole multi-step process to a
single-step multiplexed enzymatic reaction involving as a
minimum two Enzymes, a stem-loop (hairpin) Oligonucle-
otide with a special base/bonds composition, and a universal
buffer (Mix), which is herein referred to as Enz-O-Mix, that
supports efficient functioning of all enzymatic activities
present in the mixture. The invention demonstrates that the
Enz-O-Mix approach can be used to prepare a DNA library
for whole genome amplification (WGA Library), a Methyl-
ome library for amplification and analysis of methylated
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DNA regions, and/or even directly amplify DNA in a single
multi-enzyme reaction, for example.

The Enz-O-Mix library/amplification has no limitations
on the size and nature of DNA in the reaction. The method
can be applied to high molecular weight DNA, such as is
isolated from tissues or cell culture, for example, as well as
highly degraded DNA, such as cell-free DNA from blood
and urine and/or DNA extracted from formalin-fixed, par-
affin-embedded tissues, for example.

The applications of the Enz-O-Mix method are numerous.
The Enz-O-Mix method is easy to automate and use in
clinical diagnostic and point-of-care applications, for
example. In specific embodiments, different enzyme com-
binations are utilized for many novel kits and assays and
utilized in such areas as biotechnology, the pharmaceutical
industry, molecular diagnostics, forensics, pathology, bio-
defense, and/or bio-computing, for example. The Enz-O-
Mix approach is a simple and cost-effective alternative to the
“lab-on-a chip” microfluidic approach that is currently
attempting to solve the same problem (multi-step DNA
processing) by reduction of reaction volumes and integration
of multiple reactions into a small format (FIG. 2). The
method can be used for in vitro as well as for in vivo nucleic
acid amplification and/or detection.

In specific aspects, the present invention introduces a
concept of multiplexing two or more enzymatic processes in
one reaction, teaches how to optimize a highly multiplexed
enzymatic process, and demonstrates in multiple specific
examples the efficacy of this approach. In particular embodi-
ments, the present invention is directed to compositions and
methods for simultaneous processing of DNA molecules
with a combination of enzymes in a one-step-one-tube
reaction and producing either a collection of molecules
suitable for amplification, or amplified DNA molecules.

In particular, the present invention greatly reduces the
number of steps for library preparation by consolidating a
series of steps into one step. For known whole genome
amplification or whole methylome methods, these protocols
greatly reduce the number of steps for library syntheses that
utilize adaptors. That is, in the case of WGA library prepa-
ration from high molecular weight DNA, for example, the
number of steps is reduced from about 6 to 1 (FIGS. 1A and
1B). In the case of WMA library preparation from high
molecular weight DNA, for example, the number of steps is
reduced from about 7 to 1. In the case of WGA library
preparation from fragmented DNA (plasma, serum, or urine,
for example), the number of steps is reduced from about 4
to 1 (FIG. 1B). In the case of Methylome library preparation
from fragmented DNA, for example, the number of steps is
reduced from about 5 to 1 (FIG. 1B).

In particular embodiments, the methods of the invention
can be easily applied to any type of fragmented double
stranded DNA including but not limited to, for example, free
DNA isolated from plasma, serum, and/or urine; apoptotic
DNA from cells and/or tissues; DNA fragmented enzymati-
cally in vitro (for example, by DNase I and/or restriction
endonuclease); and/or DNA fragmented by mechanical
forces (hydro-shear, sonication, nebulization, etc.).

In other embodiments, the invention can be easily applied
to any high molecular weight double stranded DNA includ-
ing, for example, DNA isolated from tissues, cell culture,
bodily fluids, animal tissue, plant, bacteria, fungi, viruses,
etc.

In one embodiment of the invention, there is incubation of
DNA with an enzymatic mixture (Enz-O-Mix) comprising
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from about 2 to about 18 different enzymes in one buffer and
a stem-loop (hairpin) oligonucleotide with a specific base/
bonds composition.

In particular embodiments, there is a one-step enzymatic
process including one or more of the following: a) “polish-
ing” of DNA and stem-loop oligonucleotide ends by Klenow
fragment of DNA polymerase I (or other proofreading DNA
polymerase); b) ligation of the 3' end of stem-loop oligo-
nucleotide to the 5' end of DNA, such as by a ligase, for
example, by T4 DNA ligase; ¢) “fill-in” DNA synthesis that
is initiated at the 3' end of DNA, propagates towards the end
of the stem-loop oligonucleotide, and stops at a replication
block or at the end of the oligonucleotide; and d) cleavage
in the middle of a generated inverted repeat by a restriction
nuclease; and e) restriction cleavage with a mixture of
methylation-sensitive restriction enzymes or methylation-
specific nuclease(s) (such as in embodiments concerning
whole methylome amplification library), for example.

In particular aspects of the invention, an inverted repeat
(palindrome) at the end of DNA molecules is not generated
(or is generated and removed), because it may inhibit the
amplification step (PCR), priming of the ¢cDNA strand
synthesis (amplification by transcription), or priming of the
second DNA strand synthesis (amplification by strand dis-
placement DNA synthesis). Thus, in specific embodiments
at least part of the oligonucleotide sequence is eliminated,
such as, by termination of replication in the middle of a
stem-loop oligonucleotide or by cutting the generated
inverted repeat internally, for example.

In one specific embodiment of this invention, a chemical
modification, such as hexaethylene glycol (HEG) linker, a
bulky base analog, or one or several abasic sites within the
loop or adjacent to it, can be introduced during oligonucle-
otide synthesis. Such modifications will terminate the rep-
lication within the stem-loop oligonucleotide.

In another specific embodiment, the replication block is
generated during the reaction by incorporating one or more
dU bases into the stem-loop oligonucleotide design and
including dU-glycosylase (which is also referred to as
Uracyl-DNA Glycosylase or UDG) in the reaction mix.

In some embodiments, a specific site for a cleavage
enzyme is generated during “fill-in” DNA synthesis that is
initiated at the 3' end of the DNA, propagates towards the
end of the stem-loop oligonucleotide, and stops at the 5' end
of the oligonucleotide. Such a site resides originally either
completely or partially within the single-stranded loop of an
oligonucleotide and becomes functional (cleavable) only
after conversion of this loop into double-stranded form.

In one specific embodiment a cleavage enzyme is repre-
sented by a restriction endonuclease, in another by a homing
endonuclease.

In some embodiments, the methods further comprise
simultaneous digestion with an endonuclease or combina-
tion of endonucleases, such as restriction endonucleases,
DNase I, benzonase, methylation-specific nuclease McrBC,
apoptotic endonucleases, etc., to generate in one step Whole
Genome or Whole Methylome library even from high
molecular weight (HMW) DNA.

In particular embodiments, a library generated by a one-
step process is further amplified by PCR using universal
primer complementary to the sequence introduced by attach-
ment of a stem-loop oligonucleotide.

In particular embodiments, library generation and PCR
amplification are combined into one integrated, closed-tube
process in a thermocycler.
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In one particular embodiment, an integrated, closed-tube
library preparation/amplification process is supported by a
universal PCR primer included in the original Enz-O-Mix.

In another particular embodiment, an integrated, closed-
tube library preparation/amplification process is supported
by a stem-loop oligonucleotide converted into a functional
universal primer as a result of enzymatic and chemical
reactions that occur before PCR amplification.

In another embodiment, degradable stem-loop oligo-
nucleotides are used as locus-specific primers for a hot start
PCR process.

In another particular embodiment, a library generated by
one-step process is further amplified by transcription utiliz-
ing a promoter sequence (17, T3, SP6, etc.) introduced by
attachment of a stem-loop oligonucleotide.

In particular embodiments, a stem-loop oligonucleotide
design is employed for the one-step library synthesis reac-
tion, although in alternative embodiments other adaptors
may be utilized, such as a standard linear two-oligonucle-
otide adaptor, for example.

In particular embodiments, a stem-loop oligonucleotide
provides a synthesized library with a new function that was
present neither in the DNA molecule nor in the stem-loop
oligonucleotide prior to its attachment. Examples include a
functionally inactive T7 promoter sequence, a non-cleavable
restriction site, and/or inactive nicking site residing at least
partially within the loop or stem region of the stem-loop
oligonucleotide and activated only by the attachment pro-
cess and conversion of the single stranded loop into a double
stranded molecule.

In particular embodiments, a stem-loop oligonucleotide
provides a synthesized library with a 5' overhang that was
not present either in the DNA molecule or in the stem-loop
oligonucleotide prior to its attachment, and that can be used
for covalent or non-covalent immobilization of a synthe-
sized library on a solid support via hybridization or hybrid-
ization and ligation to a covalently attached oligonucleotide.

In a specific embodiment, the library synthesis and its
immobilization within the tube (well) occurs simultaneously
in a one Enz-O-Mix process. In this case, combinations of
enzymes and stem-loop oliginucleotides are mixed together
in a special tube with a covalently attached capture oligo-
nucleotide to produce Enz-O-Mix-Immobilization kits for
high throughput DNA processing and diagnostic applica-
tions in solid phase format.

In particular embodiments, combinations of enzymes and
stem-loop oligonucleotides are mixed together to produce
Enz-O-Mix kits for high throughput DNA processing and
diagnostic applications. In particular embodiments, there is
a Universal Enz-O-Mix Buffer that provides simultaneous
activity of all enzymes used in the reaction.

In particular embodiments, combinations of enzymes and
stem-loop oligonucleotides are mixed together to produce
integrated, closed-tube Enz-O-Mix kits for high throughput
DNA fragmentation, amplification and labeling. In particu-
lar embodiments, there is a Universal Enz-O-Mix Buffer that
supports simultaneous activities of all enzymes used in the
reaction.

In a specific embodiment, there is a process for optimi-
zation of the Universal Buffer and other components of the
multiplexed enzymatic reaction.

In particular aspects, the present invention is directed to
a system and method for preparing a collection of molecules,
particularly molecules suitable for amplification, such as
amplification utilizing known sequences on the molecules.
In specific embodiments, the oligonucleotide comprises a
known sequence.
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In an additional embodiment, there is a kit housed in a
suitable container that comprises one or more compositions
of the invention and/or comprises one or more compositions
suitable for at least one method of the invention.

In one embodiment of the invention, there is a method of
preparing a nucleic acid molecule, comprising: providing a
double stranded nucleic acid molecule; and attaching one
strand of a stem-loop oligonucleotide comprising an
inverted repeat and a loop to the double stranded nucleic
acid molecule to produce an oligonucleotide-attached
nucleic acid molecule. The double stranded nucleic acid
molecule may be a double stranded DNA molecule, in some
embodiments. In specific embodiments, the attaching is
further defined as attaching the oligonucleotide to the double
stranded nucleic acid molecule under conditions to produce
a non-covalent junction, such as a nick, a gap, or a 5' flap
structure, in the oligonucleotide-attached nucleic acid mol-
ecule. In particular aspects of the invention, the attaching is
further defined as ligating. The method may further com-
prise displacing one strand of the oligonucleotide from the
oligonucleotide-attached nucleic acid molecule by strand
displacement or by nick translation polymerization. In a
specific embodiment, at least part of the oligonucleotide-
attached nucleic acid molecule is amplified, such as by
polymerase chain reaction, RNA transcription, or strand
displacement, for example. Methods of the invention may
further comprise amplifying an oligonucleotide-attached
nucleic acid molecule, wherein at least part of the inverted
repeat is excluded from the amplified oligonucleotide-at-
tached nucleic acid molecule.

Ligating embodiments may be further defined as com-
prising: generating ligatable ends on the double stranded
nucleic acid molecule; generating a ligatable end on the
stem-loop oligonucleotide; and ligating one strand of the
ligatable end of the stem-loop oligonucleotide to one strand
of'an end of the nucleic acid molecule, thereby generating a
non-covalent junction, such as a nick, a gap, or a 5' flap
structure, in the oligonucleotide-attached nucleic acid mol-
ecule. In further aspects, the methods comprise generating
blunt ends on the nucleic acid molecule; generating a blunt
end on the stem-loop oligonucleotide; and ligating one
strand of the blunt end of the stem-loop oligonucleotide to
one strand of a blunt end of the nucleic acid molecule,
thereby generating a nick in the oligonucleotide-ligated
nucleic acid molecule.

In specific aspect of the invention, the stem-loop oligo-
nucleotide comprises a known sequence, for example a
regulatory sequence, including a RNA polymerase promoter
sequence. A regulatory sequence may reside at least in part
within the stem of the stem-loop oligonucleotide, within the
loop of the stem-loop oligonucleotide, or both.

Methods of the invention may further comprise digesting
the DNA molecule with one or more endonucleases to
produce DNA fragments; producing blunt ends on the DNA
fragments; producing a blunt end on the stem-loop oligo-
nucleotide; and ligating one strand of the blunt end of a
stem-loop oligonucleotide to one strand of a blunt end of a
DNA fragment, thereby generating a nick in an oligonucle-
otide-ligated DNA fragment. In a specific embodiment, the
endonuclease is a restriction endonuclease, DNAse I, or an
apoptotic endonuclease, or a mixture thereof. In particular
embodiments, the restriction endonuclease is methylation-
specific or methylation-sensitive.

In additional embodiments, the oligonucleotide-attached
nucleic acid molecule comprises a nick having a 3' hydroxy
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group, wherein there is polymerization from the 3' hydroxy
group of at least part of the oligonucleotide-attached nucleic
acid molecule.

Strand displacement or nick translation polymerization
may be further defined as polymerization that ceases at a
non-replicable base or region in the loop or in a region of the
stem adjacent to the loop.

In a specific aspect of the invention, the method further
comprises the step of digesting the double stranded DNA
molecule with an endonuclease to generate DNA fragments,
wherein the oligonucleotide becomes ligated to one strand of
the DNA fragment and wherein polymerization of an oligo-
nucleotide-ligated DNA fragment excludes at least part of
the inverted repeat by subjecting the oligonucleotide-ligated
DNA fragment to strand displacement or nick translation
polymerization that halts at a base or sequence in the loop or
in a region of the stem adjacent to the loop.

In some embodiments, the stem-loop oligonucleotide is
further defined as comprising a non-replicable base or
sequence. In particular, in some cases at least part of the
non-replicable base or sequence is present in the loop of the
oligonucleotide or in a sequence of the stem adjacent to the
loop. The non-replicable base or sequence may comprise an
abasic site or sequence, hexaethylene glycol, and/or a bulky
chemical moiety attached to the sugar-phosphate backbone
or the base. In specific embodiments, the abasic site or
sequence is introduced by one or more enzymes in the single
solution. In a further specific embodiment, the loop of the
stem-loop oligonucleotide comprises at least one deoxy-
uridine.

In one particular embodiment, strand displacement or
nick translation polymerization of the oligonucleotide-at-
tached nucleic acid molecule generates an endonuclease site.
In particular aspects, the methods further comprise the step
of digesting the double stranded DNA molecule with an
endonuclease to generate DNA fragments, wherein the oli-
gonucleotide becomes blunt end ligated to one strand of the
DNA fragment to produce an oligonucleotide-ligated DNA
fragment, and wherein strand displacement or nick transla-
tion polymerization of the oligonucleotide-ligated DNA
fragment generates an endonuclease site.

In particular aspects, the endonuclease site is a site-
specific restriction endonuclease site and at least part of the
inverted repeat is removed by cleavage with said restriction
endonuclease. The endonuclease site may reside within the
stem and/or loop regions. Examples of endonucleases
include Eco NI or Pacl. The endonuclease site may be a
homing endonuclease site, such as I-Ceu I, I-Sce I, P1-Psp I,
or Pl-Sce 1. In specific embodiments, RNA transcription is
initiated from the regulatory sequence, thereby producing at
least one transcribed polynucleotide.

In specific embodiments, a regulatory sequence resides at
least in part within the stem of the stem-loop oligonucle-
otide, or at least in part within the loop of the stem-loop
oligonucleotide. In a specific aspect, the regulatory sequence
comprises a bacteriophage regulatory sequence, such as a T7
regulatory sequence, a T3 regulatory sequence, or a Sp6
regulatory sequence, for example. In specific aspects, a
transcribed polynucleotide is replicated by a reverse tran-
scriptase, which may be initiated by hybridization of the
oligonucleotide complementary to the 3' end of the tran-
scribed polynucleotide.

The stem-loop oligonucleotide may further comprise a
recognition sequence for a nicking endonuclease and the
oligonucleotide-attached nucleic acid molecule is amplified
by strand displacement synthesis and second strand synthe-
sis, in particular aspects of the invention. In a specific aspect,
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the recognition sequence for a nicking endonuclease resides
at least in part within the stem of the stem-loop oligonucle-
otide. The recognition sequence for a nicking endonuclease
may reside at least in part within the loop of the stem-loop
oligonucleotide. In specific embodiments, the nicking endo-
nuclease is N.Alw I, N.Bbv CIA, N.Bbv CIB, Nb.BpulOI,
Nb.Bsml, N.BstNBI, or N.Bst 91.

In specific aspects, a 5' end of the stem-loop oligonucle-
otide lacks a phosphate.

In particular embodiments, the oligonucleotide-attached
nucleic acid molecule is further modified, such as by clon-
ing, including by incorporation of the modified molecule
into a vector, said incorporation occurring at ends in the
modified molecule generated by endonuclease cleavage
within the inverted repeat.

In additional embodiments of the invention, methods of
the invention occur in a single suitable solution, wherein the
process occurs in the absence of exogenous manipulation.
The method may occur at one temperature, such as from
about 10° C. to about 75° C. In particular embodiments, the
solution comprises one or more of the following: ligase;
DNA polymerase; one or more endonucleases; RNA poly-
merase; reverse transcriptase; RNase H; deoxy-uridine gly-
cosylase (which is also referred to as Uracyl-DNA Glyco-
sylase or UDG); nickase; thermophilic DNA polymerase;
ATP; rNTPs; and dNTPs.

In one aspect of the invention, there is a kit, housed in a
suitable container, comprising: a stem-loop oligonucleotide;
and a solution suitable for ligation of the oligonucleotide
onto a double stranded molecule; and, optionally, one or
more of the following: ligase; DNA polymerase one or more
restriction enzymes; RNA polymerase; reverse transcriptase;
RNase H; nickase; thermophilic DNA polymerase; ATP;
rNTPs; and dNTPs. In specific embodiments, the oligo-
nucleotide of the kit comprises a RNA polymerase promoter
sequence, such as a T7 RNA polymerase promoter sequence,
for example. The one or more endonucleases may be meth-
ylation-specific, methylation-sensitive, or may be a homing
endonuclease.

In specific embodiments, methods of the invention occur
in a single suitable solution, wherein the process of prepar-
ing and amplifying of a oligonucleotide-attached nucleic
acid molecule occurs in the absence of exogenous manipu-
lation. The method may be further defined as occurring at
one temperature, such as between about 10° C. to about 85°
C. or between about 10° C. to about 85° C. In specific
embodiments, the method is further defined as occurring at
least two different temperatures, such as wherein at least one
of the temperatures is from about 10° C. to about 100° C.

In specific embodiments, the oligonucleotide-attached
nucleic acid molecule is immobilized to a solid support, such
as non-covalently or covalently.

Some methods of the invention further comprise the step
of digesting the DNA molecule with an endonuclease to
generate DNA fragments, wherein the oligonucleotide
becomes attached to one strand of the DNA fragment,
wherein strand displacement polymerization of the oligo-
nucleotide-ligated DNA fragment and its arrest at a base or
sequence in the loop or in a region of the stem adjacent to
the loop generates a 5' overhang, and wherein the single
stranded 5' overhang hybridizes to a complementary oligo-
nucleotide covalently immobilized to a solid support.

Additional embodiments of the invention include a library
of DNA molecules prepared by the methods of the invention.

In some embodiments of the invention, there is a method
of preparing a DNA molecule, comprising: providing an
oligonucleotide; and mixing the oligonucleotide with a
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double stranded DNA molecule, such that upon attachment
of the oligonucleotide to the double stranded DNA mol-
ecule, the oligonucleotide attached to the DNA molecule is
capable of demonstrating a function that it was incapable of
before the attachment to the double stranded DNA molecule,
thereby producing an oligonucleotide-attached DNA mol-
ecule suitable for modification. In specific aspects, the
method occurs in a single suitable solution, wherein the
process occurs in the absence of exogenous manipulation.
Exemplary modifications include site-specific nicking, site-
specific double-strand cleavage, transcription, recombina-
tion, amplification, polymerization, nick translation, strand
displacement, immobilization or a combination thereof.

In an additional embodiment of the invention, there is a
composition comprising a stem-loop oligonucleotide, said
oligonucleotide comprising an inverted repeat, a loop and at
least one thermo-sensitive site or site capable of becoming
a thermo-sensitive site, wherein the oligonucleotide is
capable of producing a suitable primer upon exposure to
heat. In additional embodiments, the composition further
comprises a repair enzyme, such as one capable of convert-
ing damaged bases into an abasic site. Examples of DNA
repair enzymes include a DNA glycosylase, such as dU-
glycosylase, for example. In a specific aspect, the thermo-
sensitive site is an abasic site, such as an apyrimidine site or
an apurine site, for example. In an additional specific
embodiment, the site capable of becoming a thermo-sensi-
tive site is further defined as a base that can be enzymatically
converted to a thermo-sensitive site. The base that can be
enzymatically converted to a thermo-sensitive site may be
deoxy-uridine and the enzyme may be dU-glycosylase
(which is also referred to as Uracyl-DNA Glycosylase or
UDG). In a specific aspect, the thermo-sensitive site is
introduced into the oligonucleotide during synthesis, such as
chemical synthesis. The composition may be capable of
comprising a breakage of a strand of the oligonucleotide at
one or more deoxy-uridine bases upon exposure to heat. The
thermosensitive site or site capable of becoming a thermo-
sensitive site may be located in the stem, in the loop, or both.
The oligonucleotide may be blunt ended or have a 5
overhang.

In an additional embodiment, there is a method of pro-
ducing a primer, comprising providing a composition of the
invention and subjecting the composition to heat such that
the primer is produced. In a specific aspect, the composition
further comprises a DNA repair enzyme and the subjecting
to heat is further defined as subjecting to two or more
exposures of heat. One exposure to heat may comprise about
37° C. and another exposure to heat may comprise about 95°
C. One exposure to heat may comprise about 10° C. to about
100° C. whereas another exposure to heat may comprise
about 80° C. to about 100° C. The method may further
comprise amplification of a DNA molecule utilizing said
composition.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures for carry-
ing out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equiva-
lent constructions do not depart from the spirit and scope of
the invention as set forth in the appended claims. The novel
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features that are believed to be characteristic of the inven-
tion, both as to its organization and method of operation,
together with further objects and advantages will be better
understood from the following description when considered
in connection with the accompanying figures. It is to be
expressly understood, however, that each of the figures is
provided for the purpose of illustration and description only
and is not intended as a definition of the limits of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, reference is now made to the following descriptions
taken in conjunction with the accompanying drawings.

FIG. 1A shows a standard multi-step DN A adaptor attach-
ment process.

FIG. 1B compares preparation processes for WGA and
WMA libraries from degraded serum and urine DNA
described in the present invention and in previously filed
patent applications (U.S. patent application Ser. No. 11/071,
864, filed Mar. 3, 2005).

FIG. 1C is a general representation of the invention that
can be described as a reduction of several important multi-
step enzymatic DNA processes to a single-step multiplexed
enzymatic reaction that is performed in one reaction volume
(Enz-O-Mix Method).

FIG. 2 shows that the Enz-O-Mix approach can be viewed
as a simple and cost-effective alternative to the “lab-on-a
chip” microfluidic approach that is currently attempting to
solve the same problem by reduction of reaction volumes
and integration of multiple reactions into a small format.

FIG. 3 is a schematic description and composition of
specific components of the Enz-O-Mix method and reagents
involved in the attachment of stem-loop oligonucleotides to
DNA ends. Four enzymatic reactions are taking place nearly
simultaneously: “polishing” of the DNA ends and the hair-
pin double-stranded stem-region; ligation of the stem-loop
oligonucleotide 3' end to the 5' phosphate of the DNA,
leaving a nick between the 3' end of DNA and the 5' end of
the hairpin double-stranded stem-region; polymerase exten-
sion of the 3' DNA end that propagates toward the end of
stem-loop oligonucleotide; and by strand-displacement reac-
tion within the oligonucleotide stem region. The process
results in the library of DNA fragments with inverted repeat
sequences at their ends.

FIG. 4 shows three original secondary structures of the
stem-loop oligonucleotide with the 3' or §' protruding, or
blunt end, and its final (blunt end) structure within the
Enz-O-Mix.

FIG. 5A and FIG. 5B are schematic descriptions of the
amplification of a library of DNA fragments with inverted
repeat sequences at their ends by RNA transcription. Pro-
moter sequence can be added to a DNA end either as a part
of the oligonucleotide stem-region (FIG. 5A), or as a part of
the oligonucleotide loop region (FIG. 5B). The products of
the amplification are RNA molecules in this embodiment.

FIG. 6A illustrates the components and enzymatic reac-
tions involved in the one-step DNA amplification by tran-
scription using Enz-O-Mix reagent (Enz-O-Mix 5 in FIG.
19B, for example). The process linearly amplifies DNA and
produces single stranded RNA molecules.

FIG. 6B illustrates additional components and enzymatic
reactions involved in the one-step DNA amplification by
transcription accompanied by the synthesis of complemen-
tary cDNA strand. The transcription (replication) block (see
Sections E-H and FIGS. 8-10) is introduced into the stem-
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loop oligonucleotide upstream of the T7 promoter region to
prevent formation of an inverted repeat at the 3' end of RNA
molecules and thus increase the efficiency of the oligo T7
priming (the transcription block is shown as a black square).
The process can linearly amplify DNA and produce double
stranded DNA/RNA hybrids.

FIG. 7 is an illustration of the inhibitory effect on PCR of
inverted repeats attached to both ends of DNA fragments.
Heating and replication generates DNA molecules refractory
to melting, priming, and PCR amplification either using the
universal primer A or any internal site-specific primer pair.

FIG. 8 is a schematic description of the one-step Enz-O-
Mix attachment process for a stem-loop oligonucleotide
with non-replicable linker. The following enzymatic reac-
tions are taking place nearly simultaneously: “polishing” of
the DNA ends and the stem-loop oligonucleotide double-
stranded stem-region; ligation of the oligonucleotide 3' end
to the 5' phosphate of the DNA, leaving a nick between the
3'end of DNA and the 5' end of the hairpin double-stranded
stem-region; polymerase extension of the 3' DNA end that
propagates toward the end of oligonucleotide and stops at
the replication block (non-replicable linker) within the loop
or outside the loop but no more than about six bases away
from the loop. The process results in the library of DNA
fragments with universal sequence A at the ends and an
inverted repeat attached only to the 5' end of DNA.

FIG. 9 is an illustration of the absence of an inhibitory
effect on PCR of inverted repeats attached to only 5' ends of
DNA fragments. Heating and replication generates DNA
molecules with the universal sequence A and no inverted
repeats at the ends (shown by dash lines) that can be
successfully amplified by PCR.

FIG. 10A shows the structure of a stem-loop oligonucle-
otide with non-replicable linker introduced chemically dur-
ing oligonucleotide synthesis and detailed events occurring
at a DNA end during the multi-enzyme attachment process.
The process occurs as described in FIG. 8.

FIG. 10B shows the structure of a stem-loop oligonucle-
otide with non-replicable linker introduced enzymatically
during the attachment reaction and detailed events occurring
at a DNA end during the multi-enzyme attachment process.
Specifically, dU-glycosylase generates abasic sites within
the loop and upper strand of the stem region of the stem-loop
oligonucleotide. The abasic sites within a loop generate a
non-replicable region, while the sites in a stem destabilize
the duplex and facilitate strand displacement reaction. The
process results in a library of DNA fragments with universal
sequence at the ends and an inverted repeat attached only to
the 5' end of DNA. Heating at 95° C. during PCR generates
breaks at abasic sites and completely eliminates the &'
portion of a stem-loop oligonucleotide.

FIG. 11A shows a standard adaptor formed by two dif-
ferent oligonucleotides, wherein one of them has a 5' phos-
phate group, and possible products formed when such adap-
tor is used in the multi-enzyme one-step ligation process.

FIG. 11B shows a standard adaptor formed by two dif-
ferent oligonucleotides without phosphate group and two
products formed when such an adaptor is used in the
multi-enzyme one-step ligation process. Only 50% of
formed molecules are desirable products with correct ori-
entation of the adaptor, whereas the other 50% of molecules
have inverse adaptor orientation.

FIG. 11C shows a standard adaptor formed by two dif-
ferent oligonucleotides without a phosphate group, a pro-
tective group at the 3' end of one oligonucleotide, and
products formed when such an adaptor is used in the
multi-enzyme one-step ligation process. As in the case
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described on FIG. 11B, only 50% of formed molecules are
desirable products with correct orientation of the adaptor,
whereas the other 50% of molecules have inversed adaptor
orientation.

FIG. 12 is a schematic description of the one-step Enz-
O-Mix attachment process for a stem-loop oligonucleotide
with an enzymatically cleavable site generated during the
multi-enzyme reaction. Specifically, the endonuclease rec-
ognizes and cuts the oligonucleotide specific oligo-sequence
R when it adopts a double-stranded conformation as a result
of the attachment process. The reaction results in a library of
DNA fragments with universal sequence A at the ends and
no inverted repeat attached to the ends of DNA fragments.

FIG. 13A shows the stem-loop oligonucleotide with the
recognition sequence for the restriction endonuclease Eco
Nl located at the loop region. The enzyme can not cut the CC
AGG (SEQ ID NO: 20) region within the stem-loop oligo-
nucleotide (not a recognizable structure) but it can cut it
efficiently when the oligonucleotide is attached to a DNA
end and adopts a canonical (double-stranded) Watson-Crick
conformation.

FIG. 13B shows the stem-loop oligonucleotide with the
recognition sequence for the restriction endonuclease Pad
located within the loop region. The enzyme can not cut the
single stranded TTAATTAA region within the stem-loop
oligonucleotide, but it cuts it efficiently when the oligonucle-
otide is attached to a DNA end and adopts a canonical
(double-strand) Watson-Crick conformation.

FIG. 13C shows the stem-loop oligonucleotide with the
recognition sequence for the exemplary homing endonu-
clease I-Ceu I located within the loop region. The enzyme
can not cut the 26-base single-stranded region within the
hairpin loop, but it cuts efficiently when the oligonucleotide
is attached to a DNA end and adopts a canonical (double-
stranded) Watson-Crick conformation.

FIG. 14 is a schematic description of the one-step Enz-
O-Mix attachment process for a stem-loop oligonucleotide
with a very short stem. The process results in the library of
DNA fragments with universal sequence A at the ends and
very short inverted repeat attached to the ends of DNA
fragments. Amplification by PCR is possible, because the
melting temperature for terminal hairpins is low enough to
prevent folding, self-priming and formation of long hairpin
molecules, as shown on FIG. 7.

FIG. 15 illustrates the components and enzymatic reac-
tions involved in exemplary one-step or two-step (after
library synthesis) DNA amplification by strand displacement
DNA synthesis using Enz-O-Mix reagents (Enz-O-Mix 3
and Enz-O-Mix 6 in FIG. 19A and FIG. 19B, for example).
The amplification is initiated and further maintained by the
generation of a nick within the attached oligonucleotide
sequence. The process linearly amplifies DNA and produces
double stranded DNA molecules.

FIG. 16A shows the stem-loop oligonucleotide with the
recognition sequence for the nicking endonuclease N. Bbv
CIA located at the loop region. The enzyme can not cut the
single stranded GCTGAGG region within the stem-loop
oligonucleotide (not a recognizable structure) but it can nick
it efficiently when the oligonucleotide is attached to a DNA
end and adopts a canonical (double-stranded) Watson-Crick
conformation.

FIG. 16B shows a stem-loop oligonucleotide with the
recognition sequence for the nicking endonuclease N. Bbv
CIA located at the end of a stem region. The enzyme can not
nick efficiently the GCTGAGG region within the stem-loop
oligonucleotide (it is too close to the end) but it can nick it
efficiently when the oligonucleotide is attached to a DNA
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end; the second site generated by attachment is not a good
substrate for nicking (it is too close to the end).

FIG. 16C shows two exemplary multifunctional stem-
loop oligonucleotides with several regulatory elements
within a single (1) or multiple (2) loop regions: T7 promoter
sequence (that includes all regions necessary for transcrip-
tion), recognition sequence N for a nicking endonuclease,
recognition sequence for a restriction endonuclease, and a
replication/transcription block region (a chemical modifica-
tion or a string of 2-4 dU bases). A multifunctional stem loop
oligonucleotide can support different types of DNA ampli-
fication, including PCR, isothermal amplification by tran-
scription, isothermal amplification by strand displacement
synthesis, or even a combination thereof and it can also
facilitate other modifications, including DNA immobiliza-
tion, DNA recombination, DNA cloning, and a combination
thereof, for example.

FIG. 17 shows generalization of the Enz-O-Mix method
and demonstrates specific but exemplary applications.

FIG. 18 shows composition of five exemplary different
Stem-Loop Oligo Attachment Master Mixes of the invention
that are used for the one-step nucleic acid library synthesis.

FIG. 19A schematically shows compositions of several
Enz-O-Mix reagents, specifically, Enz-O-Mix 1, designed to
convert fragmented DNA into a Whole Genome Library that
can be amplified by PCR in an open, or close-tube format.
Enz-O-Mix 2 and Enz-O-Mix 3 are designed to convert
fragmented DNA into a Whole Genome Library that can be
amplified after or during the Whole Genome Library syn-
thesis by transcription and strand displacement, respectively.

FIG. 19B shows schematically compositions of several
Enz-O-Mix reagents, specifically, Enz-O-Mix 4, designed to
convert HMW DNA into a Whole Genome Library that can
be amplified by PCR in an open, or close-tube format.
Enz-O-Mix 5 and Enz-O-Mix 6 are designed to convert
fragmented DNA into a Whole Genome Library that can be
amplified after or during the Whole Genome Library syn-
thesis by transcription and strand displacement, respectively.

FIG. 19C shows schematically compositions of several
Enz-O-Mix reagents, specifically, Enz-O-Mix 7, designed to
convert fragmented DNA into a Whole Methylome Library
that can be amplified by PCR. Enz-O-Mix 8 and Enz-O-Mix
9 are designed to convert fragmented DNA into a Whole
Methylome Library that can be amplified after or during the
Whole Methylome Library synthesis by transcription and
strand displacement, respectively.

FIG. 19D shows schematically compositions of several
Enz-O-Mix reagents, specifically, Enz-O-Mix 10, designed
to convert HMW DNA into a Whole Methylome Library that
can be amplified by PCR. Enz-O-Mix 11 and Enz-O-Mix 12
are designed to convert fragmented DNA into a Whole
Methylome Library that can be amplified after or during the
Whole Methylome Library synthesis by transcription and
strand displacement, respectively.

FIG. 19E shows schematically compositions of Enz-O-
Mix reagents 13 and 14 designed to convert fragmented and
HMW DNA, respectively, into a Whole Genome Library
that can be directly cloned into an appropriate vector.

FIG. 20 illustrates assembly, storage and use of Enz-O-
Mix reagent(s) as a kit in high throughput applications and
clinical diagnostics, for example.

FIG. 21A demonstrates the optimization process for Enz-
O-Mix Universal Buffer using real-time PCR to monitor
amplification of the generated library.

FIG. 21B demonstrates the optimization process for Enz-
O-Mix incubation temperature using real-time PCR to moni-
tor amplification of the generated library.
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FIG. 21C demonstrates the optimization process for Enz-
O-Mix reagent (N) concentration using real-time PCR to
monitor amplification of the generated library.

FIG. 22 shows real-time amplification curves of whole
genome libraries prepared in a single step by ligation of a
stem-loop oligonucleotide with EcoNI restriction site gen-
erated after ligation and strand-displacement extension of
blunt-end Alul restriction fragments in the presence or in the
absence of EcoNI. Excision of the terminal inverted repeat
by EcoNI results in high amplification efficiency that
exceeds amplification efficiency of the library with inverted
repeats (in the absence of the Eco NI cleavage) by two
orders of magnitude.

FIG. 23 shows real-time amplification curves of libraries
prepared in a single step by ligation of blunt-end Alul
restriction fragments to the stem-loop oligonucleotide com-
prising hexa-ethylene glycol replication stop (HEG Stem-
Loop Oligo), a stretch of 5 ribonucleosides (Ribo Stem-
Loop Oligo), or just deoxyribonucleosides (Stem-Loop
Oligo) in their loop regions. Unlike the libraries made with
HEG-containing oligonucleotide, the libraries with ribo-
nucleosides in the loop region are not amplified efficiently,
suggesting that ribonucleosides in the template strand do not
arrest DNA replication carried by the Klenow fragment of
DNA polymerase 1.

FIG. 24A, FIG. 24B, and FIG. 24C show the real-time
PCR amplification curves of 3 exemplary human STS mark-
ers used for evaluation of genomic sequence representation
in WGA libraries prepared in a single step by ligation of
blunt-end Alul restriction fragments to a stem-loop oligo-
nucleotide containing within a loop either the hexa-ethylene
glycol linker (HEG) as a replication stop, or the EcoNI
recognition sequence that becomes functional (cleavable)
after ligation and strand-displacement extension. Twenty
nanograms of purified material of each library is compared
to 1 ng of human genomic DNA randomly fragmented to an
average size of 1.5 Kb using Hydro Shear device (gDNA).
In FIG. 24A, there is PCR using STS #4 primers. In FIG.
24B, there is PCR using STS #19 primers. In FIG. 24C, there
is PCR using STS #35 primers (Table II). Results show little
or no representational bias for all 3 STS sequences.

FIG. 25 shows the real-time amplification curves of
libraries prepared in a single step by ligation of blunt-end
Alul restriction fragments to the stem-loop oligonucleotide
containing deoxy-uridine in the 5' stem region and in the
loop with T4 DNA ligase and Klenow fragment of DNA
polymerase I, in the presence or in the absence Uracil-DNA
glycosylase (which is also referred to as UDG or dU
glycosylase). Amplification is conducted by either adding
universal primer M., or using the primer released as a result
of the UDG activity, followed by heat-induced degradation
of the stem-loop oligonucleotide.

FIG. 26 illustrates a one-step genomic DNA restriction
digestion and whole genome amplification using degradable
stem-loop oligonucleotide containing deoxy-uridine in the 5'
stem region and in the loop. Human genomic DNA in
amounts ranging from 20 ng to 10 pg or a blank sample (no
DNA control) are incubated with the stem-loop oligonucle-
otide in the presence of 4 exemplary enzymatic activities:
Alul restriction endonuclease, T4 DNA ligase, Klenow
fragment of DNA polymerase I, and Uracil-DNA glycosy-
lase (UDG) for 1 hour at 37° C. and amplified by PCR using
universal primer M.

FIG. 27 shows PCR amplification curves of specific
promoter sites from amplified libraries prepared from non-
methylated (N) and artificially methylated (M) cell-free
urine DNA from a healthy donor. Libraries were prepared by
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ligation of a degradable stem-loop oligonucleotide contain-
ing deoxy-uridine with (N+, M+) or without (N-, M-)
simultaneous cleavage with methylation-sensitive restric-
tion enzymes. Promoter sites from non-methylated cleaved
DNA (N+) amplify with significant (at least 10 cycles) delay
as compared to uncut DNA (N-, M-) unlike methylated
DNA which is refractory to cleavage (M+ versus M-).

FIG. 28 shows the products of simultaneous whole bac-
teriophage DNA library synthesis and isothermal amplifica-
tion by T7 polymerase transcription of lambda DNA
digested with restriction endonuclease Bst EIl on an agarose
gel in the presence (+7T14 ligase) or absence of DNA ligase
(-T4 ligase).

FIG. 29 shows the products of simultaneous library syn-
thesis and isothermal amplification of cell-free urine DNA
using the nicking activity of the nuclease N.BbvC IB and
strand displacement DNA synthesis.

FIG. 30A and FIG. 30B compare two Enz-O-Mix library
synthesis/PCR amplification processes (Enz-O-Mix 1 and
Enz-O-Mix 4 from FIG. 19A and FIG. 19B). FIG. 30A
shows a 2-step, opened-tube protocol. In this case, Enz-O-
Mix library synthesis/amplification is performed in two
operational steps: step 1—a tube contatining DNA is supple-
mented with the library (WGA or WMA) synthesis reagents
and incubated at 37° C. for 1 h, and step 2—the tube is
opened, supplemented with PCR amplification buffer/re-
agents and subjected to temperature cycling. FIG. 30B
shows a 1-step, closed-tube protocol. In this case, Enz-O-
Mix library synthesis/amplification is performed in one
operational step when a tube containing DNA is supple-
mented with the library synthesis/amplification (PCR)
reagents and universal buffer, and subjected to programmed
temperature conditions within a thermocycler.

FIG. 31 shows an expected accumulation of DNA in a
tube (a) and a typical temperature profile (b) for a one-step,
closed tube Enz-O-Mix PCR-based WGA or WMA.

FIG. 32 illustrates heat-induced conversion of a stem-loop
oligonucleotide adaptor containing dU-bases within the loop
and the 5' stem region into a functional universal PCR
primer.

FIG. 33 shows effect of DMSO and magnesium concen-
tration on the whole genome amplification of HMW human
DNA isolated from blood using integrated one-step, closed-
tube Enz-O-Mix protocol illustrated in FIG. 30, FIG. 31, and
FIG. 32, and real-time PCR detection.

FIG. 34 illustrates application of the one-step, closed tube
Enz-O-Mix WGA process (DNA fragmentation, amplifica-
tion, and labeling) for micro-array analysis.

FIG. 35A and FIG. 35B show the one-step process for
simultaneous GenomePlex or MethylPlex library synthesis
and immobilization. In FIG. 35A, there is non-covalent
library immobilization by hybridization of the exposed 5'
stem region to an oligo S covalently attached to a tube/well
surface. In FIG. 35B, there is a covalent library immobili-
zation by hybridization and ligation of the exposed 5' stem
region to an oligo S covalently attached to a tube/well
surface.

FIG. 36 shows tubes, plates, micro-slides, and micro-
beads manufactured for one-step GenomePlex or Methyl-
Plex library synthesis and immobilization.

FIG. 37 shows a hypothetical fluidic device that utilizes
the one-step GenomePlex or MethylPlex library synthesis
and immobilization process.

FIG. 38 illustrates hot start locus-specific PCR amplifi-
cation of DNA using degradable stem-loop primers.
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FIG. 39 shows the specific events that lead to a conversion
of the inactive stem-loop oligonucleotides into the active
PCR primers.

FIG. 40 shows accumulation of a specific PCR product (a)
and a typical temperature profile (b) for a hot start PCR
using degradable stem-loop primers

DETAILED DESCRIPTION OF THE
INVENTION

The present application incorporates by reference herein
in its entirety U.S. patent application Ser. No. 11/071,864,
filed Mar. 3, 2005. Also incorporated by reference herein in
its entirety is U.S. patent application Ser. No. 11/367,046,
filed Mar. 2, 2006, entitled “Isolation of CpG Islands by
Thermal Segregation and Enzymatic Selection-Amplifica-
tion Method,” which itself claims priority to U.S. Provi-
sional Patent Application Ser. No. 60/704,541, filed Aug. 2,
2005.

1. DEFINITIONS

In keeping with long-standing patent law convention, the
words “a” and “an” when used in the present specification in
concert with the word comprising, including the claims,
denote “one or more.” Some embodiments of the invention
may consist of or consist essentially of one or more ele-
ments, method steps, and/or methods of the invention. It is
contemplated that any method or composition described
herein can be implemented with respect to any other method
or composition described herein.

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of molecular
biology, microbiology, recombinant DNA, and so forth
which are within the skill of the art. Such techniques are
explained fully in the literature. See e.g., Sambrook, Fritsch,
and Maniatis, MOLECULAR CLONING: A LABORA-
TORY MANUAL, Second Edition (1989), OLIGONUCLE-
OTIDE SYNTHESIS (M. J. Gait Ed., 1984), ANIMAL
CELL CULTURE (R. I. Freshney, Ed., 1987), the series
METHODS IN ENZYMOLOGY (Academic Press, Inc.);
GENE TRANSFER VECTORS FOR MAMMALIAN
CELLS (J. M. Miller and M. P. Calos eds. 1987), HAND-
BOOK OF EXPERIMENTAL IMMUNOLOGY, (D. M.
Weir and C. C. Blackwell, Eds.), CURRENT PROTOCOLS
IN MOLECULAR BIOLOGY (F. M. Ausubel, R. Brent, R.
E. Kingston, D. D. Moore, J. G. Siedman, J. A. Smith, and
K. Struhl, eds., 1987), CURRENT PROTOCOLS IN
IMMUNOLOGY (J. E. Coligan, A. M. Kruisbeek, D. H.
Margulies, E. M. Shevach and W. Strober, eds., 1991);
ANNUAL REVIEW OF IMMUNOLOGY:; as well as mono-
graphs in journals such as ADVANCES IN IMMUNOL-
OGY. All patents, patent applications, and publications
mentioned herein, both supra and infra, are hereby incorpo-
rated herein by reference.

A skilled artisan recognizes that there is a conventional
single letter code in the art to represent a selection of
nucleotides for a particular nucleotide site. For example, R
refers to A or G; Y refers to C or T; M refers to A or C; K
refers to G or T; S refers to C or G; W refers to Aor T; H
refers to A or C or T; B refers to C or G or T; V refers to A
or C or G; D refers to A or G or T; and N refers to A or C
orGor T

The term “blunt end” as used herein refers to the end of
a dsDNA molecule having 5' and 3' ends, wherein the 5' and
3' ends terminate at the same nucleotide position. Thus, the
blunt end comprises no 5' or 3' overhang.

The term “double stranded molecule” as used herein
refers to a molecule that is double stranded at least in part.

10

20

25

35

40

45

50

65

20

The term “homing endonuclease” as used herein refers to
proteins that are encoded by polynucleotides having mobile,
self-splicing introns. Homing endonucleases promote the
movement of at least part of the DNA sequences that encode
them from one polynucleotide location to another by gen-
erating a site-specific double-stranded break at a target site
in an allele that lacks the corresponding mobile intron.
Examples include but are not limited to at least the follow-
ing: I-Ceu I, I-Sce L, P1-Psp I, P1-Sce I, or a mixture thereof.

The terms “hairpin” and “stem-loop oligonucleotide” as
used herein refer to a structure formed by an oligonucleotide
comprised of 5' and 3' terminal regions that are inverted
repeats and a non-self-complementary central region,
wherein the self-complementary inverted repeats form a
double-stranded stem and the non-self-complementary cen-
tral region forms a single-stranded loop.

The term “in the absence of exogenous manipulation” as
used herein refers to there being modification of a DNA
molecule without changing the solution in which the DNA
molecule is being modified. In specific embodiments, it
occurs in the absence of the hand of man or in the absence
of' a machine that changes solution conditions, which may
also be referred to as buffer conditions. In further specific
embodiments, changes in temperature occur during the
modification.

The term “nonidentical function” as used herein refers to
two or more enzymes that do not comprise the same activity.
For example, two restriction endonucleases would be con-
sidered to have identical function, although a restriction
endonuclease and a ligase would be considered to have
nonidentical function. Further, endonucleases are defined as
enzymes that cut double stranded DNA and therefore that
have identical function, although this may be performed in
a variety of ways. For example, some restriction endonu-
cleases cut frequently enough that they may be considered to
have a DNA fragmentation function (such as to reduce an
average DNA size to the size appropriate for efficient WGA,
for example), and other restriction endonucleases have a
function of cleaving unmethylated restriction sites, for
example to generate a Methylome library (such as cleavage
that would not reduce an average DNA size), for example.

The term “polished” as used herein refers to the repair of
dsDNA fragment termini that may be enzymatically
repaired, wherein the repair constitutes the fill in of recessed
3" ends or the exonuclease activity trimming back of 5' ends
to form a “blunt end” compatible with adaptor ligation.

II. Specific Embodiments of the Invention

The present invention may employ particular composi-
tions and methods as described in the following exemplary
embodiments.

A. One-step Attachment of Double-stranded Inverted
Repeat DNA Sequences to DNA Fragments Using Stem-
loop Oligonucleotides

In this embodiment of the present invention, as illustrated
in FIG. 3, DNA is incubated with an exemplary mixture
comprising a stem-loop oligonucleotide with 3' recessed, 3'
protruding, or blunt end (FIG. 4); a 3'proofreading DNA
polymerase (Klenow fragment of the DNA polymerase I, T4
DNA polymerase, etc.); T4 DNA ligase; Enz-O-Mix Uni-
versal Buffer; ATP; and dNTPs. Four exemplary enzymatic
reactions are taking place simultaneously: “polishing” of the
DNA ends and the oligonucleotide double-stranded stem-
region; ligation of the oligonucleotide 3' end to the &'
phosphate of the DNA leaving a nick between the 3' end of
DNA and the 5' end of the oligonucleotide double-stranded
stem-region; polymerase extension of the 3' DNA end that
propagates toward the end of the stem-loop oligonucleotide;
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and a strand-displacement reaction within the oligonucle-
otide stem region. The process results in a library of DNA
fragments with inverted repeat adaptors at their ends.

B. Transcription-mediated Amplification of DNA Library
with Attached Promoter Sequence

In this embodiment of the present invention, as illustrated
in FIG. 5, a DNA library produced by incubation with an
exemplary mixture comprising a stem-loop oligonucleotide
with 3' recessed, 3' protruding, or blunt end (FIG. 4) and T7
promoter sequence within the stem or loop region; a 3'proof-
reading DNA polymerase (Klenow fragment of the DNA
polymerase I, T4 DNA polymerase, etc.); T4 DNA ligase;
Enz-O-Mix Universal Buffer; ATP; and dNTPs (as shown in
FIG. 3), is used as a template for the transcription-mediated
amplification. In FIG. 5A, promoter sequence resides within
the stem region of a stem-loop oligonucleotide, and there are
two inversely oriented promoters at the ends of all DNA
fragments: internally located promoter that initiates synthe-
sis of long RNA molecules, and terminal promoter that
initiates synthesis of very short (<10 bases) RNA initiation
products (not shown in FIG. 5A) (similar products will be
produced from the non-attached stem-loop oligonucleotides
present in the mixture). In FIG. 5B, the promoter sequence
resides within the loop region of a stem-loop oligonucle-
otide, and there is only one active promoter element that
supports synthesis of long RNA products. The transcription-
mediated amplification is achieved by incubation of the
synthesized DNA library (see above) with T7 RNA poly-
merase in the presence of ribonucleotides (rNTPs). The
products of this reaction are RNA molecules.

Supplementation of a transcription-mediated amplifica-
tion reaction with additional ingredients, such as a reverse
transcriptase polymerase (M-MuLV reverse transcriptase,
AMYV reverse transcriptase, etc.) and a primer complemen-
tary to the T7 promoter or the internal stem region at the 3'
end of the RNA molecule (see FIG. 6B), would allow the
synthesis of a complementary cDNA. Efficient priming at
the 3' ends of RN A is achieved by blocking the transcription-
mediated RNA synthesis within the adaptor region to pre-
vent formation of a folded structure at the 3' ends of RNA.
Transcriptional arrest can be achieved by using the same
chemical or enzymatic modifications of a stem-loop oligo-
nucleotide as described herein in Sections E, F, G, and H and
shown in FIGS. 8, 10, and 16C. The products of such a
reaction are double stranded DNA/RNA hybrid molecules.

C. Enz-O-Mix Reagents and Procedures for One-step
Library Synthesis and Linear Amplification by Transcription

This embodiment is shown in FIG. 6A and illustrates
exemplary components and enzymatic reactions involved in
the process catalyzed by Enz-O-Mix reagent (Enz-O-Mix 5,
FIG. 19B). This reagent simultaneously synthesizes a DNA
library with T7 promoter at the ends and amplifies it linearly
by transcription. The Enz-O-Mix reagent 5 comprises a
stem-loop oligonucleotide with T7 promoter sequence in the
loop region; a DNA fragmentation endonuclease (a restric-
tion enzyme, DNase I, methylation-specific nuclease
McrBC, benzonase, apoptotic endonuclease, etc.); a 3'
proofreading DNA polymerase; T4 DNA ligase; T7 RNA
polymerase; Enz-O-Mix Universal Buffer; rNTP; and
dNTPs. First, HMW DNA is fragmented by an endonuclease
to produce 100-3,000 bp DNA fragments. The T4 DNA
polymerase “polishes” the DNA ends and the stem-loop
oligonucleotide double-stranded stem-region, and T4 ligase
ligates the 3' end of the oligonucleotide to the 5' phosphate
of the DNA leaving a nick between the 3' end of DNA and
the 5' end of the oligonucleotide double-stranded stem-
region. DNA polymerase extends the available 3' DNA end
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toward the end of a stem-loop oligonucleotide and generates
a library of DNA fragments with active conformation of T7
promoter at their ends. RNA polymerase transcribes the
library, linearly amplifying DNA and producing single
stranded RNA molecules.

In the case of fragmented DNA (for example, cell-free
DNA from blood and/or urine) the reaction does not require
a fragmentation endonuclease (Enz-O-Mix 2, FIG. 19A); all
other components may be the same as described above.

In another embodiment, as shown in FIG. 6B, supple-
mentation of a transcription-mediated amplification reaction
with the additional ingredients, such as a reverse tran-
scriptase polymerase (M-MuLV reverse transcriptase, AMV
reverse transcriptase, etc.) and T7 primer, allows the syn-
thesis of a complementary cDNA. Efficient priming at the 3'
ends of RNA is achieved by blocking the transcription-
mediated RNA synthesis within the adaptor region to pre-
vent formation of a folded structure at the 3' ends of RNA.
Transcriptional arrest can be achieved by using the same
chemical or enzymatic modifications of a stem-loop oligo-
nucleotide as described herein in Sections E, F, G, and H and
shown in FIGS. 8, 10, and 16C. The products of such a
reaction are double stranded DNA/RNA hybrid molecules.

D. Inhibitory Effect of Inverted Repeats at DNA Ends on
Whole Genome Amplification and Locus-specific PCR

As shown in FIG. 7, inverted repeats attached to both ends
of DNA fragments have an inhibitory effect on PCR process.
Heating to 95° C. during a first PCR cycle denatures DNA
strands and generates hairpin-like structures at both 3' and 5'
ends of DNA fragments due to the folding of terminal
inverted repeat sequences (the melting temperature for these
structures is usually more than 100° C.). Subsequent cooling
activates a thermostable DNA polymerase and results in
extension of the self-primed 3' ends and creation of long
hairpin DNA molecules refractory to melting, priming, and
PCR amplification. Neither the universal primer A nor any
internal, site-specific primer pair would produce any detect-
able PCR product.

E. Library Created by Enz-O-Mix Attachment Process
with a Stem-loop Oligonucleotide with a Non-replicable
Linker

This embodiment is illustrated in FIG. 8 and describes the
one-step Enz-O-Mix attachment process for a stem-loop
oligonucleotide with a non-replicable linker. The exemplary
reaction mix comprises fragmented DNA; a stem-loop oli-
gonucleotide with 3' recessed, 3' protruding or blunt end
(FIG. 4), and a non-replicable linker (such as about in the
central part of the oligonucleotide); a 3' proofreading DNA
polymerase (Klenow fragment of the DNA polymerase I, T4
DNA polymerase, etc.); T4 DNA ligase; Enz-O-Mix Uni-
versal Buffer; ATP; and dNTPs. At least the following
enzymatic reactions are taking place: “polishing” of the
DNA ends and the stem-loop oligonucleotide double-
stranded stem-region; ligation of the oligonucleotide 3' end
to the 5' phosphate of the DNA, leaving a nick between the
3" end of DNA and the 5' end of the oligonucleotide
double-stranded stem-region; polymerase extension of the 3'
DNA end that propagates toward the end of stem-loop
oligonucleotide and stops somewhere within the loop or
close to the loop region at the replication block, for example.
The process results in the library of DNA fragments with
universal sequence A at the ends and an inverted repeat
attached only to the 5' end of DNA.

F. Libraries Produced by the Enz-O-Mix Attachment
Process with a Stem-loop Oligonucleotide Comprising a
Non-replicable Linker have No Inhibitory Effect on PCR



US 10,196,686 B2

23

As shown in FIG. 9, a DNA library produced by the
Enz-O-Mix (Enz-O-Mix 1 in the case of fragmented DNA,
FIG. 19A, or Enz-O-Mix 4 in the case of HMW DNA, FIG.
19B) attachment process with a stem-loop oligonucleotide
with a non-replicable linker has no inhibitory effect on WGA
and PCR. Heating to 95° C. during first PCR cycle denatures
DNA strands and generates hairpin-like structures only at
the 5' ends of DNA fragments. At a lower PCR temperature,
the universal primer A anneals to the A' region at the 3' ends
of DNA fragments, and a thermostable DNA polymerase
replicates DNA until it reaches a non-replicable linker in the
loop or in the region adjacent to the loop stem region of the
stem-loop oligonucleotide attached to the 5' DNA end.
Replication of the hairpin region is accompanied by a
strand-displacement reaction within the oligonucleotide
stem region. Synthesized DNA molecules with the universal
sequence A and no inverted repeats at the ends (shown by
dashed lines) can then successfully be amplified by PCR.

G. Stem-loop Oligonucleotide with a Non-replicable
Linker Introduced During Chemical Synthesis

FIG. 10A shows the structure of a stem-loop oligonucle-
otide with a non-replicable linker introduced chemically
during oligonucleotide synthesis and shows detailed events
occurring at DNA end during the exemplary multi-enzyme
attachment process. Many structural modifications within
the oligonucleotide, such as the exemplary hexaethelene
glycol linker, the abasic site, or a cluster of abasic sites (a
gap), a bulky group within the base or backbone, etc. can
block propagation of the DNA replication. The exemplary
process occurs as described in FIG. 8.

H. Stem-loop Oligonucleotide with a Non-replicable Aba-
sic Gap Generated Enzymatically by dU-glycosylase During
the Attachment Process

This embodiment is illustrated in FIG. 10B and shows the
structure of a stem-loop oligonucleotide with non-replicable
linker introduced enzymatically during the attachment reac-
tion and shows detailed events occurring at a DNA end
during the exemplary multi-enzyme attachment process. The
exemplary reaction mix comprises fragmented DNA; a
stem-loop oligonucleotide with 3' recessed, 3' protruding or
blunt end (FIG. 4), and dU bases within the loop and stem
regions (optional); a dU-glycosylase; a 3' proofreading DNA
polymerase; T4 DNA ligase; Enz-O-Mix Universal Buffer;
ATP; and dNTPs. dU-glycosylase creates abasic sites within
the loop and upper strand of the stem region of the oligo-
nucleotide; DNA polymerase “polishes” the ends of DNA
and the stem-loop oligonucleotide and generates blunt ends;
T4 DNA ligase attaches the 3' end of the oligonucleotide and
the 5' end of DNA fragment, leaving a nick between the 3'
end of DNA and the 5' end of the hairpin double-stranded
stem-region; a DNA polymerase extends the 3' end of DNA
toward the end of the stem-loop oligonucleotide and stops
somewhere within the loop or close to the loop region of the
oligonucleotide, such as at the replication block generated
by a contiguous abasic site region. The role of abasic sites
in the about central stem region is to destabilize base pairing
and facilitate the strand displacement reaction. The process
results in a library of DNA fragments with universal
sequence at both ends and an inverted repeat attached only
to the 5' end of DNA, thereby suitable for PCR amplifica-
tion. Heating at 95° C. during PCR generates breaks at
abasic sites and completely eliminates the 5' portion of a
stem-loop oligonucleotide.

1. Stem-loop Oligonucleotides are Advantageous for the
Enz-O-Mix Attachment Process

This embodiment illustrates the low efficiency and prob-
lems associated with use of standard adaptors in the Enz-
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O-Mix attachment process, although in alternative embodi-
ments standard adaptors may be employed.

FIG. 11A shows a standard adaptor formed by two dif-
ferent oligonucleotides, wherein one of them has the 5'
phosphate group, and possible products formed when such
an adaptor is used in the multi-enzyme one-step ligation
process. The adaptor should be present at high concentration
to provide efficient ligation to DNA ends. Because both ends
of a standard adaptor can be ligated to DNA and form
adaptor-adaptor conjugates (a dominating product of the
reaction), a number of undesirable products may be high,
and the yield of desirable molecules may be low, in certain
aspects.

FIG. 11B shows a standard adaptor formed by two dif-
ferent oligonucleotides without phosphate group and two
products formed when such an adaptor is used in the
multi-enzyme one-step ligation process. Only 50% of
formed molecules are desirable products with correct ori-
entation of the adaptor, while the other 50% of molecules
have inversed adaptor orientation.

FIG. 11C shows a standard adaptor formed by two dif-
ferent oligonucleotides without phosphate group but with a
protective group at the 3' end of one oligonucleotide and the
products formed when such adaptor is used in the multi-
enzyme one-step ligation process. A blocked 3' end or
recessive 3' end or both are well-known in the art and have
been used to prevent formation of products with inversed
adaptor orientation during ligation reaction. Presence of a 3'
proofreading DNA polymerase in the mix will replace the
terminal 3' blocked nucleotide with normal nucleotide (a),
and repair and extend the recessed, blocked 3' end (b). As in
the case described for FIG. 11B, only 50% of formed
molecules are desirable products with correct orientation of
the adaptor, while the other 50% of molecules have inversed
adaptor orientation.

J. Library Generated by the Enz-O-Mix Attachment Pro-
cess Using a Stem-loop Oligonucleotide with a Cleavable
Site Generated During the Multi-enzyme Reaction

In this embodiment of the present invention, as illustrated
in FIG. 12, there is a schematic description of the one-step
Enz-O-Mix attachment process for a stem-loop oligonucle-
otide with an enzymatically cleavable site generated during
the multi-enzyme reaction. The reaction mix contains frag-
mented DNA, a stem-loop oligonucleotide with 3' recessed,
3' protruding or blunt end (FIG. 4), and a specific DNA
sequence R within the loop or in the loop and adjacent stem
region; a 3'proofreading DNA polymerase (Klenow frag-
ment of the DNA polymerase I, T4 DNA polymerase, etc.);
T4 DNA ligase; an endonuclease that recognizes and cuts
the oligonucleotide specific oligo-sequence R when it adopts
a double-stranded conformation; Enz-O-Mix Universal Buf-
fer; ATP; and dNTPs. Four enzymatic reactions are taking
place nearly simultaneously: “polishing” of the DNA ends
and the stem-loop oligonucleotide double-stranded stem-
region; ligation of the oligonucleotide 3' end to the &'
phosphate of the DNA leaving a nick between the 3' end of
DNA and the 5' end of the hairpin double-stranded stem-
region, polymerase extension of the 3' DNA end that propa-
gates toward the end of stem-loop oligonucleotide and
generates inverted repeats at the ends of DNA fragments;
and, finally, cleavage of inverted repeats by an endonuclease
at the R sites. The process results in a library of DNA
fragments with universal sequence A at the ends, and no
inverted repeat attached to the ends of DNA fragments,
which is thereby competent for PCR amplification.
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K. Examples of Stem-loop Adaptors with a Cleavable
Restriction Site Generated by DNA Synthesis

FIG. 13A shows an exemplary stem-loop oligonucleotide
with recognition sequence for the restriction endonuclease
Eco NI located at the loop region. The enzyme can not cut
the CCTNNNNNAGG (SEQ ID NO: 20) region within the
stem-loop oligonucleotide (an unrecognizable structure) but
it will cut it efficiently when the oligonucleotide is attached
to a DNA end and adopts a canonical (double-stranded)
Watson-Crick conformation. Cleavage with Eco NI elimi-
nates inverted repeats that inhibit PCR applications.

FIG. 13B shows an exemplary stem-loop oligonucleotide
with recognition sequence for the restriction endonuclease
Pac I located within the loop region. The enzyme can not cut
the TTAATTAAregion within the stem-loop oligonucle-
otide, but it will cut it efficiently when the oligonucleotide
is attached to a DNA end and adopts a canonical (double-
stranded) Watson-Crick conformation. Cleavage eliminates
inverted repeats that inhibit PCR applications. Use of a
rare-cutting restriction enzyme such as Pac I reduces the
number of DNA fragments affected by the enzyme cleavage.

FIG. 13C shows the stem-loop oligonucleotide with rec-
ognition sequence for the homing endonuclease I-Ceu I
located within the loop region. The enzyme can not cut the
26-base single-stranded region within the loop, but it cuts
efficiently when the stem-loop oligonucleotide is attached to
a DNA end and adopts a canonical (double-stranded) Wat-
son-Crick conformation. Cleavage ecliminates inverted
repeats that inhibit PCR applications. Use of a homing
endonuclease dramatically reduces and practically elimi-
nates cleavage of genomic DNA.

L. Library Generated by the Enz-O-Mix Attachment Pro-
cess with a Stem-loop Oligonucleotide with a Short Stem

Amplifiable libraries can be synthesized in the presence of
but not limited to a stem-loop oligonucleotide with a non-
replicable or cleavable linker. FIG. 14 shows a schematic
description of an exemplary one-step Enz-O-Mix attach-
ment process using a stem-loop oligonucleotide with a very
short stem. The exemplary reaction mix comprises frag-
mented DNA, a stem-loop oligonucleotide with 3' recessed,
3' protruding or blunt end (FIG. 4), and a short stem region
(5-8 bases); a 3'proofreading DNA polymerase (Klenow
fragment of the DNA polymerase I, T4 DNA polymerase,
etc.); T4 DNA ligase; Enz-O-Mix Universal Buffer; ATP;
and dNTPs. Three enzymatic reactions are taking place:
“polishing” of the DNA ends and the stem-loop oligonucle-
otide double-stranded stem-region; ligation of the oligo-
nucleotide 3' end to the 5' phosphate of the DNA, leaving a
nick between the 3' end of DNA and the 5' end of the hairpin
double-stranded stem-region; and polymerase extension of
the 3' DNA end that propagates toward the end of the
stem-loop oligonucleotide and generates short inverted
repeats at the ends of DNA fragments. The process results in
a library of DNA fragments with universal sequence A at the
ends and a very short inverted repeat attached to the ends of
DNA fragments (FIG. 14, shown in bold). PCR is possible
because the melting temperature for terminal hairpins is low
enough to prevent folding, self-priming and formation of
long hairpin molecules, as shown on FIG. 7. Primer A
(representing the 3' portion of a stem-loop oligonucleotide
without the complementary 5' region) or even the whole
stem-loop oligonucleotide can be utilized as a primer for
PCR amplification.

M. Enz-O-Mix Reagents and Procedures for One-step
Library Synthesis and One-step Library Synthesis/Amplifi-
cation Utilizing Strand Displacement DNA Amplification
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This embodiment is shown in FIG. 15 and illustrates
exemplary components and enzymatic reactions involved in
the process catalyzed by Enz-O-Mix reagents (Enz-O-Mix 3
and Enz-O-Mix 6, FIGS. 19A and 19B). The reagent Enz-
O-Mix 3 can use fragmented (cell-free serum DNA or urine
DNA, for example), while the reagent Enz-O-Mix 6 can
utilize HMW DNA and synthesize a library of DNA frag-
ments with the recognition sites for a nicking endonuclease
(N.Alwl, N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.Bsml,
N.Bst91, N.BstNBI, etc.) at their ends to allow their subse-
quent amplification by strand displacement DNA synthesis.
The presence of nicking endonuclease and strand displacing
polymerase in the reagents Enz-O-Mix 3 and Enx-O-Mix 6
allows one to simultaneously synthesize and amplify DNA
library by strand displacement DNA synthesis.

For example, the Enz-O-Mix reagent 3 (suitable for
fragmented DNA) comprises a stem-loop oligonucleotide
with a recognition sequence for a nicking nuclease; a primer
P complementary at least partially to the stem region of a
stem-loop oligonucleotide; a 3' proofreading DNA poly-
merase; a strand displacing DNA polymerase; T4 DNA
ligase; a nicking endonuclease; Enz-O-Mix Universal Buf-
fer; and ANTPs. T4 DNA polymerase “polishes” the DNA
ends and the stem-loop oligonucleotide double-stranded
stem-region. T4 ligase ligates the 3' end of the oligonucle-
otide to the 5' phosphate of the DNA, leaving a nick between
the 3' end of DNA and the §' end of the oligonucleotide
double-stranded stem-region. DNA polymerase extends the
available 3' DNA end toward the end of a stem-loop oligo-
nucleotide and generates a library of DNA fragments with
functional recognition site for a nicking endonuclease
(N.Alwl, N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.Bsml,
N.Bst9], N.BstNBI, etc.) at their ends. DNA polymerase
initiates multiple rounds of strand displacement DNA syn-
thesis at nicks generated by a nicking nuclease, followed by
synthesis of a second DNA strand (primed by primer P),
producing double stranded DNA molecules and linearly
amplifying DNA.

In the case of HMW DNA (Enz-O-Mix 6, FIG. 19B), the
reaction requires a DNA fragmentation endonuclease (a
restriction enzyme, DNase I, methylation-specific nuclease
McrBC, benzonase, apoptotic endonuclease etc.), and all
other components may be the same as described above for
Enz-O-Mix 3.

N. Examples of Stem-loop Adaptors with a Nicking
Endonuclease Recognition Site Generated by DNA Synthe-
sis

FIG. 16 A shows the stem-loop oligonucleotide with rec-
ognition sequence for the exemplary nicking endonuclease
N.Bbv CIA located at the loop region. The enzyme can not
nick the single stranded GCTGAGG region within the
stem-loop oligonucleotide (an unrecognizable structure), but
it will nick it efficiently when the oligonucleotide is attached
to a DNA end and adopts a canonical (double-stranded)
Watson-Crick conformation.

FIG. 16B shows an exemplary stem-loop oligonucleotide
with recognition sequence for the nicking endonuclease
N.Bbv CIA located at the end of the stem region. The
enzyme can not nick efficiently the terminally located
TTAATTAA region within the stem-loop oligonucleotide,
but it will nick it efficiently when the oligonucleotide is
attached to a DNA end and the site acquires an internal
location. A second nicking site, generated by the oligonucle-
otide attachment process, would have a terminal location
and low nicking efficiency.

FIG. 16C shows an exemplary stem-loop oligonucleotides
1 and 2 that contains several functional elements within the
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loop region including the recognition sequence for a nicking
endonuclease. Nultifunctional stem-loop oligonucleotide
have several regulatory elements within the loop region: T7
promoter sequence (that includes all regions necessary for
transcription); recognition sequence N for a nicking endo-
nuclease (N.Alwl, N.BbvCIA, N.BbvCIB, Nb.BpulOl,
Nb.Bsml, N.Bst9I, N.BstNBI, etc.); recognition sequence
for a restriction endonuclease; and a replication/transcrip-
tion block region (a chemical modification or a string of 2-4
dU bases). The regulatory elements can reside within a
single loop region (L1 in the stem-loop oligonucleotide 1),
or be distributed across several loop regions ([.1, [.2, and [.3
in the stem-loop oligonucleotide 2). A multifunctional stem-
loop oligonucleotide can support different types of DNA
amplification, including PCR, isothermal amplification by
transcription, isothermal amplification by strand displace-
ment synthesis, or even a combination thereof and can also
facilitate modification such as DNA immobilization, DNA
recombination, DNA cloning, or a combination thereof.
Activation of the RNA transcription, DNA nicking, DNA
double-stranded cleavage, and generation of the 5' overhang
functions of the stem-loop adaptor occurs only upon its
enzymatic processing and attachment to DNA ends.

O. Enz-O-Mix is a General Method for Synthesis and
Amplification of DNA Libraries

This embodiment of the present invention, as illustrated in
FIG. 17, shows generalization of the Enz-O-Mix method and
demonstrates its specific applications. When Enz-O-Mix
reagent is combined with DNA and incubated at optimal
temperature (for example, 37° C.) for a time necessary to
complete the reaction (for example, 1 hour), although it can
be more or less, it results in either a DNA library that can be
amplified or cloned in a separate reaction, or a DNA library
that is amplified isothermally during the incubation with the
Enz-O-Mix reagent. For example, the exemplary products of
reaction could be as follows: 1) a library of DNA fragments
with universal sequence or sequences attached to the ends of
DNA fragments so that it can be amplified by PCR (PCR
WGA Library); 2) a library of DNA fragments with a
promoter sequence attached at the ends of DNA fragments
so that it can be amplified by transcription (Transcription
WGA Library); 3) a Methylome Library, i.e. the library of
adapted DNA fragments where all non-methylated CpG
islands are eliminated (such as are described in U.S. patent
application Ser. No. 11/071,864, filed Mar. 3, 2005, which is
incorporated by reference herein in its entirety); 4) a library
of DNA fragments with ready-to-clone sticky-end adaptors
at the ends; 5) an amplified DNA library where the product
is DNA or RNA; and/or 6) an amplified Methylome library
where the product is DNA or RNA.

P. Stem-loop Oligo Attachment Master Mix is a Key
Component of all Enz-O-Mix Reactions

This embodiment is shown in FIG. 18 and illustrates the
components of four different Stem-Loop Oligo Attachment
Master Mixes described in the invention and utilized in
different Enz-O-Mix reactions involved in the DNA library
synthesis. The Stem-Loop Oligo Attachment Master Mix is
a key component of the Enz-O-Mix reaction, and it is
present in all Enz-O-Mix reagents.

The exemplary Stem-Loop Oligo Attachment Master Mix
1 comprises a stem-loop oligonucleotide; a 3' proofreading
DNA polymerase; a DNA ligase; Enz-O-Mix Universal
Buffer; ATP; and dNTPs (see also FIG. 3 and FIG. 14).

The exemplary Stem-Loop Oligo Attachment Master Mix
1T comprises a stem-loop oligonucleotide with a non-repli-
cable chemically introduced linker; a 3' proofreading DNA
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polymerase; a DNA ligase; Enz-O-Mix Universal Buffer;
ATP; and dNTPs (see also FIG. 10A).

An exemplary Stem-Loop Oligo Attachment Master Mix
IIT comprises a stem-loop oligonucleotide with a non-repli-
cable enzymatically-introduced abasic linker; dU-glycosy-
lase; a 3' proofreading DNA polymerase; a DNA ligase;
Enz-O-Mix Universal Buffer; ATP; and dNTPs (see also
FIG. 10B).

An exemplary Stem-Loop Oligo Attachment Master Mix
IV comprises a stem-loop oligonucleotide with a cleavable
site introduced by DNA replication; a site-specific endonu-
clease; a 3' proofreading DNA polymerase; a DNA ligase;
Enz-O-Mix Universal Buffer; ATP; and dNTPs (see also
FIG. 12 and FIGS. 14A, 14B, and 14C).

Q. Enz-O-Mix Reagents and Procedures for the One-step
Whole Genome Library Synthesis and Combined Whole
Genome Library Synthesis-amplification

Whole Genome Amplification (WGA) is a process that is
used to amplify total genomic DNA for many important
research and diagnostic applications when the amount of
DNA is limited. WGA is frequently preceded by a multi-step
WGA library synthesis process. These embodiments
describe the Enz-O-Mix reagents and procedures for the
one-step Whole Genome Library synthesis and combined
one-step, close-tube Whole Genome Library synthesis-am-
plification processes.

FIG. 19A shows schematically compositions of three
Enz-O-Mix reagents, specifically Enz-O-Mix 1, Enz-O-Mix
2, and Enz-O-Mix 3 designed to convert fragmented DNA
into a Whole Genome Library competent for amplification
by PCR, transcription, or strand displacement amplification,
respectively.

Reagent Enz-O-Mix 1 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18, and it could be
also supplemented with a thermophilic DNA polymerase.
The library prepared by the Enz-O-Mix 1 process can be
used for PCR-mediated WGA in a open-tube (two-step
process) or a close-tube (one-step process) formats (as
shown in FIG. 30).

Reagent Enz-O-Mix 2 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case a
stem-loop oligonucleotide has the T7 promoter sequence in
the loop or stem region in addition to other necessary
base/backbone modifications), and it could be also supple-
mented with the T7 RNA polymerase and rNTPs. The
Enz-O-Mix 2 can be used for a two-step transcription-
mediated Whole Genome Amplification (when the library is
prepared first, and then amplified) or for a one-step itho-
thermal amplification process when the Whole Genome
library synthesis and its amplification by transcription
occurs simultaneously (as shown in FIG. 6).

Reagent Enz-O-Mix 3 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case, a
stem-loop oligonucleotide has a recognition sequence for a
nicking endonuclease in the loop or stem region in addition
to other necessary base/backbone modifications). It could be
also supplemented with a nicking endonuclease (N.AlwI,
N.BbvCIA, N.BbvCIB, Nb.BpulOI, Nb.Bsml, N.Bst9l,
N.BstNB]I, etc.), a strand displacing DNA polymerase (Kle-
now exo-, Phi 29, Bst I, etc.), and primer P (FIG. 15). The
Enz-O-Mix 3 can be used for a two-step strand displace-
ment-mediated Whole Genome Amplification (when the
library is prepared first, and then amplified) or for a one-step
ithothermal amplification process when the Whole Genome
library synthesis and its amplification by a strand displace-
ment synthesis occurs simultaneously (as shown in FIG. 15).
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FIG. 19B shows schematically compositions of three
Enz-O-Mix reagents, specifically Enz-O-Mix 4, Enz-O-Mix
5, and Enz-O-Mix 6 designed to convert high molecular
DNA into a Whole Genome Library competent for ampli-
fication by PCR, transcription, or strand displacement ampli-
fication, respectively.

Reagent Enz-O-Mix 4 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18; it is also
supplemented with a DNA fragmentation endonuclease such
as restriction enzyme DNase I, Benzonase, methylation-
specific nuclease McrBC, apoptotic endonuclease, etc.; and
it could be also supplemented with a thermophilic DNA
polymerase. The library prepared by the Enz-O-Mix 4
process can be used for PCR-mediated WGA in a open-tube
(two-step process) or a close-tube (one-step process) formats
(as shown in FIG. 30).

Reagent Enz-O-Mix 5 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case, a
stem-loop oligonucleotide has the T7 promoter sequence in
the loop or stem region in addition to other necessary
base/backbone modifications), and it is also supplemented
with a DNA fragmentation endonuclease such as restriction
enzyme DNase I, benzonase, methylation-specific nuclease
McrBC, apoptotic endonuclease, etc.; and it could be also
supplemented with RNA polymerase and rNTPs. The Enz-
O-Mix 5 can be used for a two-step transcription-mediated
Whole Genome Amplification of HMW DNA (when the
library is prepared first, and then amplified) or for a one-step
ithothermal amplification process when the Whole Genome
library synthesis and its amplification by transcription
occurs simultaneously (as shown in FIG. 6).

Reagent Enz-O-Mix 6 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case, a
stem-loop oligonucleotide has a recognition sequence for a
nicking endonuclease in the loop or stem region in addition
to other necessary base/backbone modifications), and it is
supplemented with a DNA fragmentation endonuclease such
as restriction enzyme, DNase I, benzonase, methylation-
specific nuclease McrBC, apoptotic endonuclease. It could
also be supplemented with a nicking endonuclease (N.AlwI,
N.BbvCIA, N.BbvCIB, Nb.BpulOl, Nb.Bsml, N.Bst9l,
N.BstNB]I, etc.); a strand displacing DNA polymerase (Kle-
now exo-, Phi 29, Bst 1, etc.); and primer P (FIG. 15). The
Enz-O-Mix 6 can be used for a two-step strand displace-
ment-mediated Whole Genome Amplification of HMW
DNA (when the library is prepared first, and then amplified)
or for a one-step ithothermal amplification process when the
Whole Genome library synthesis and its amplification by a
strand displacement synthesis occurs simultaneously (as
shown in FIG. 15).

R. Enz-O-Mix Reagents and Procedures for One-step
Whole Methylome Library Synthesis and Combined Whole
Methylome Library Synthesis-amplification

Whole Methylome Amplification (WMA) is a process that
was recently developed to amplify methylated DNA and
suppress amplification of non-methylated genomic (pro-
moter) regions for many important research and diagnostic
applications, especially when the amount of DNA is limited
(see, for example, U.S. patent application Ser. No. 11/071,
864, filed Mar. 3, 2005, which is incorporated by reference
herein in its entirety). In a standard protocol, WMA is
preceded by a multi-step WMA library synthesis process.
This embodiment describes the exemplary Enz-O-Mix
reagents and procedures for the one-step Whole Methylome
Library synthesis and combined Whole Methylome Library
synthesis-amplification processes.
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FIG. 19C shows schematically compositions of three
Enz-O-Mix reagents, Enx-O-Mix 7, Enx-O-Mix 8, and
Enx-O-Mix 9, designed to convert fragmented DNA into a
Whole Methylome Library competent for amplification by
PCR, transcription, or strand displacement, for example.

Reagent Enz-O-Mix 7 may comprise one of Stem-Loop
Oligo Attachment Master Mixes shown in FIG. 18, and it is
also supplemented with a mixture of several (about 5-about
12) methylation-sensitive restriction enzymes, such as Aci I,
Acc I, Asp LE 1, Ava |, Bee Al, Bsa HI, Bsh 1236 1, Bsi E1,
Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha
I, HinP1 1, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp Al,
Mvn I, and Ssi I, to produce a substantial fragmentation of
all non-methylated CpG islands (see, for example, U.S.
patent application Ser. No. 11/071,864, filed Mar. 3, 2005,
which is incorporated by reference herein in its entirety).
Reagent Enz-O-Mix 7 could be also supplemented with a
thermophilic DNA polymerase. The Methylome library pre-
pared by the Enz-O-Mix 7 process can be used for PCR-
mediated WMA in a open-tube (two-step process) or a
close-tube (one-step process) formats (as shown in FIG. 30).

Reagent Enz-O-Mix 8 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case a
stem-loop oligonucleotide has the T7 promoter sequence in
the loop or stem region in addition to other necessary
base/backbone modifications), and it is also supplemented
with a mixture of several (about 5-about 12) methylation-
sensitive restriction enzymes, such as Aci I, Acc I, Asp LE
1, Ava I, Bce Al, Bsa HI, Bsh 1236 1, Bsi E1, Bsi SI, Bst FN
1, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinP1 I, Hin
61, Hpa II, Hpy 991, Hpy CH4 1V, Hsp Al, Mvn L, and Ssi
1, to produce a substantial fragmentation of all non-methyl-
ated CpG islands (U.S. patent application Ser. No. 11/071,
864, filed Mar. 3, 2005, which is incorporated by reference
herein in its entirety). Reagent Enz-O-Mix 8 could be also
supplemented with T7 RNA polymerase and rNTPs. The
Enz-O-Mix 8 can be used for a two-step transcription-
mediated Whole Methylome Amplification (when the Whole
Methylome library is prepared first, and then amplified) or
for a one-step ithothermal amplification process when the
Methylome library synthesis and its amplification by tran-
scription occurs simultaneously.

Reagent Enz-O-Mix 9 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case, a
stem-loop oligonucleotide has a recognition sequence for a
nicking endonuclease in the loop or stem region in addition
to other necessary base/backbone modifications), and it is
also supplemented with a mixture of several (about 5-12)
methylation-sensitive restriction enzymes, such as Aci I, Acc
II, Asp LE I, Ava I, Bee Al Bsa HI, Bsh 1236 1, Bsi E1, Bsi
SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap 11, Hga I, Hha 1,
HinP1 I, Hin 61, Hpa II, Hpy 991, Hpy CH4 IV, Hsp Al, Mvn
I, and Ssi I, to produce a substantial fragmentation of all
non-methylated CpG islands (see, for example, U.S. patent
application Ser. No. 11/071,864, filed Mar. 3, 2005, which is
incorporated by reference herein in its entirety). Reagent
Enz-O-Mix 9 could be also supplemented with nicking
endonuclease (N.Alwl, N.BbvCIA, N.BbvCIB, Nb.Bpul0I,
Nb.Bsml, N.Bst9, N.BstNBI, etc.), a strand displacing
DNA polymerase (Klenow exo-, Phi 29, Bst I, etc.), and
primer P (FIG. 15). The Enz-O-Mix 9 can be used for a
two-step strand displacement-mediated Whole Methylome
Amplification (when the library is prepared first, and then
amplified) or for a one-step ithothermal amplification pro-
cess when the Methylome library synthesis and its amplifi-
cation by a strand displacement synthesis occurs simultane-
ously (as shown in FIG. 15).
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FIG. 19D show schematically compositions of another
three Enz-O-Mix reagents, Enx-O-Mix 10, Enx-O-Mix 11,
and Enx-O-Mix 12, designed to convert HMW DNA into a
Whole Methylome Library competent for amplification by
PCR, transcription, or strand displacement, for example.

Reagent Enz-O-Mix 10 may comprise one of Stem-Loop
Oligo Attachment Master Mixes shown in FIG. 18, and it is
also supplemented with a DNA fragmentation endonuclease
such as restriction enzyme, DNase I, benzonase, methyl-
ation-specific nuclease McrBC, apoptotic endonuclease, and
a mixture of several (about 5-12) methylation-sensitive
restriction enzymes, such as Aci I, Acc I, Asp LE [, Ava I,
Bee Al Bsa HI, Bsh 1236 I, Bsi E1, Bsi SI, Bst FN I, Bst
HH I, Bst Ul, Cfo I, Hap II, Hga I, Hha I, HinP1 I, Hin 6I,
Hpa 11, Hpy 991, Hpy CH4 IV, Hsp Al, Mvn I, and Ssi I, to
produce a substantial fragmentation of all non-methylated
CpG islands (see, for example, U.S. patent application Ser.
No. 11/071,864, filed Mar. 3, 2005, which is incorporated by
reference herein in its entirety). It could be also supple-
mented with a thermophilic DNA polymerase. The Methyl-
ome library prepared by the Enz-O-Mix 10 process can be
used for PCR-mediated WMA in a open-tube (two-step
process) or a close-tube (one-step process) formats (as
shown in FIG. 30).

Reagent Enz-O-Mix 11 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case a
stem-loop oligonucleotide has the T7 promoter sequence in
the loop or stem region in addition to other necessary
base/backbone modifications), and it is also supplemented
with a DNA fragmentation endonuclease, such as restriction
enzyme, DNase I, benzonase, methylation-specific nuclease
McrBC, apoptotic endonuclease, etc.; and a mixture of
several (about 5-about 12) methylation-sensitive restriction
enzymes, such as Aci [, Acc I, Asp LE I, Ava ], Bce Al, Bsa
HI, Bsh 1236 1, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI,
Cfo I, Hap II, Hga I, Hha I, HinP1 1, Hin 61, Hpa II, Hpy 991,
Hpy CH4 1V, Hsp AL Mvn I, and Ssi I, to produce a
substantial fragmentation at all non-methylated CpG islands
(see, for example, U.S. patent application Ser. No. 11/071,
864, filed Mar. 3, 2005, which is incorporated by reference
herein in its entirety). Reagent Enz-O-Mix 11 could be also
supplemented with T7 RNA polymerase and rNTPs. The
Enz-O-Mix 11 can be used for a two-step transcription-
mediated Whole Methylome Amplification (when the Whole
Methylome library is prepared first, and then amplified) or
for a one-step ithothermal amplification process when the
Methylome library synthesis and its amplification by tran-
scription occurs simultaneously.

Reagent Enz-O-Mix 12 may comprise Stem-Loop Oligo
Attachment Master Mixes shown in FIG. 18 (in this case, a
stem-loop oligonucleotide has a recognition sequence for a
nicking endonuclease in the loop or stem region in addition
to other necessary base/backbone modifications), and it is
also supplemented with a DNA fragmentation endonuclease,
such as restriction enzyme, DNase I, benzonase, methyl-
ation-specific nuclease McrBC, apoptotic endonuclease; and
a mixture of several (about 5-12) methylation-sensitive
restriction enzymes, such as Aci I, Acc I, Asp LE [, Ava I,
Bee Al Bsa HI, Bsh 1236 I, Bsi E1, Bsi SI, Bst FN I, Bst
HH I, Bst Ul, Cfo I, Hap II, Hga I, Hha I, HinP1 I, Hin 6I,
Hpa 11, Hpy 991, Hpy CH4 IV, Hsp Al, Mvn I, and Ssi I, to
produce a substantial fragmentation of all non-methylated
CpG islands (see, for example, U.S. patent application Ser.
No. 11/071,864, filed Mar. 3, 2005, which is incorporated by
reference herein in its entirety). Reagent Enz-O-Mix 12
could be also supplemented with nicking endonuclease
(N.AlwI, N.BbvCIA, N.BbvCIB, Nb.BpulOl, Nb.Bsml,
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N.Bst91, N.BstNBI, etc.), a strand displacing DNA poly-
merase (Klenow exo-, Phi 29, Bst I, etc.), and primer P (FIG.
15). The Enz-O-Mix 12 can be used for a two-step strand
displacement-mediated Whole Methylome Amplification
(when the library is prepared first, and then amplified) or for
a one-step ithothermal amplification process when the Meth-
ylome library synthesis and its amplification by a strand
displacement synthesis occurs simultaneously (as shown in
FIG. 15).

S. Enz-O-Mix Reagents and Procedures for the One-step
Whole Genome Libray Synthesis for Cloning

DNA cloning is a powerful tool for whole genome DNA
sequencing and analysis of cDNA libraries, for example. In
a standard process, DNA is randomly fragmented, repaired,
attached to linkers, and then integrated into a vector. This
embodiment describes the Enz-O-Mix reagents for the one-
step preparation of DNA fragments with sticky ends that is
easy to clone.

FIG. 19E shows schematically exemplary compositions
of two Enz-O-Mix reagents designed to convert fragmented
(Enz-O-Mix 13) or HMW DNA (Enz-O-Mix 14) into a
Whole Genome Library for cloning.

Reagent Enz-O-Mix 13 may comprise a Stem-Loop Oligo
Attachment Master Mix IV shown in FIG. 18, and it is the
only component of the Enz-O-Mix 13 reagent. The library
generated by the Enz-O-Mix 13 process can only utilize a
fragmented DNA (for example, cell-free DNA from blood
and/or urine, or DNA fragmented enzymatically or mechani-
cally, for example) and be used for cloning.

Reagent Enz-O-Mix 14 may comprise a Stem-Loop Oligo
Attachment Master Mix IV shown in FIG. 18 that is supple-
mented with a DNA fragmentation endonuclease, such as
restriction enzyme, DNase I, benzonase, methylation-spe-
cific nuclease McrBC, apoptotic endonuclease, etc. The
library generated by the Enz-O-Mix 14 process can utilize
HMW DNA from any type of cells and tissues and be used
for cloning.

T. Enz-O-Mix Reagent Kits and their Use in High-
throughput Applications and Clinical Diagnostics

In this embodiment of the present invention, as illustrated
in FIG. 20, pre-assembled Enz-O-Mix reagents can be stored
at —=20° C. and used as ready-to-use kits.

Exemplary pre-assembled Enz-O-Mix 1 comprises all
major components of the reaction, such as a stem-loop
oligonucleotide; DNA polymerase; a DNA ligase; dU-gly-
cosylase (when the hairpin non-replicable region is gener-
ated by abasic sites); a hairpin-specific endonuclease (when
the hairpin has a cleavable site generated during oligonucle-
otide attachment process); thermophilic DNA polymerase
(close-tube WGA library synthesis/PCR-mediated amplifi-
cation reaction); ATP; and dNTPs.

Exemplary pre-assembled Enz-O-Mix 2 comprises a
stem-loop oligonucleotide with a promoter sequence in a
stem or loop region; DNA polymerase; a DNA ligase;
dU-glycosylase (when the non-replicable region is formed
by abasic sites); a site-specific endonuclease (when the
stem-loop oligonucleotide has a cleavable site created dur-
ing oligonucleotide attachment process); ATP; and dNTPs;
In the case of close-tube, isothermal library synthesis/tran-
scription-mediated amplification reaction it also comprises
RNA polymerase and rNTPs.

Exemplary pre-assembled Enz-O-Mix 3 may comprise a
stem-loop oligonucleotide with a nicking endonuclease
sequence in a stem or a loop region; DNA polymerase; a
DNA ligase; dU-glycosylase (when the non-replicable
region is formed by abasic sites); a site-specific endonu-
clease (when the stem-loop oligonucleotide has a cleavable
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site generated during oligonucleotide attachment process); a
DNA fragmentation endonuclease, such as restriction
enzyme(s), DNase |, Benzonase, methylation-specific nucle-
ase McrBC, apoptotic endonuclease etc.; ATP; and dNTP, In
the case of close-tube, isothermal library synthesis/strand
displacement-mediated amplification reaction it also com-
prises a nicking endonuclease (N.Alwl, N.BbvCIA,
N.BbvCIB, Nb.BpulOL, Nb.BsmlI, N.Bst9], N.BstNBI, etc.);
a strand displacing DNA polymerase (Klenow exo-, Phi 29,
Bst I, etc.); and a primer.

Exemplary pre-assembled Enz-O-Mix 4 may comprise all
major components of the reaction, such as a stem-loop
oligonucleotide; DNA polymerase; a DNA ligase; dU-gly-
cosylase (when the hairpin non-replicable region is created
by abasic sites); a hairpin-specific endonuclease (when the
hairpin has a cleavable site created during oligonucleotide
attachment process); a DNA fragmentation endonuclease
such as restriction enzyme, DNase I, Benzonase, methyl-
ation-specific nuclease McrBC, apoptotic endonuclease;
thermophilic DNA polymerase (close-tube WGA library
synthesis/PCR-mediated amplification reaction); ATP; and
dNTPs.

Exemplary pre-assembled Enz-O-Mix 5 may comprise a
stem-loop oligonucleotide with a promoter sequence in a
stem or loop region; DNA polymerase; DNA ligase; dU-
glycosylase (when the non-replicable region is formed by
abasic sites); a site-specific endonuclease (when the stem-
loop oligonucleotide has a cleavable site created during the
oligonucleotide attachment process); a DNA fragmentation
endonuclease, such as restriction enzyme, DNase 1, benzo-
nase, methylation-specific nuclease McrBC, apoptotic endo-
nuclease, etc.; ATP; and dNTPs. In the case of close-tube,
isothermal library synthesis/transcription-mediated amplifi-
cation reaction it also comprises RNA polymerase and
rNTPs.

Exemplary pre-assembled Enz-O-Mix 6 comprises a
stem-loop oligonucleotide with a nicking endonuclease
sequence in a stem or a loop region, DNA polymerase, a
DNA ligase, dU-glycosylase (when the non-replicable
region is formed by abasic sites), a site-specific endonu-
clease (when the stem-loop oligonucleotide has a cleavable
site created during oligonucleotide attachment process), a
DNA fragmentation endonuclease such as restriction
enzyme(s), DNase |, Benzonase, methylation-specific nucle-
ase McrBC, apoptotic endonuclease; ATP; and dNTPs. In
the case of close-tube, isothermal library synthesis/strand
displacement-mediated amplification reaction it also com-
prises a nicking endonuclease (N.Alwl, N.BbvCIA,
N.BbvCIB, Nb.BpulOL, Nb.BsmlI, N.Bst9], N.BstNBI, etc.);
a strand displacing DNA polymerase (Klenow exo-, Phi 29,
Bst I, etc.); and a primer.

Exemplary pre-assembled Enz-O-Mix 7 may comprise all
major components of the reaction, such as a stem-loop
oligonucleotide; DNA polymerase; T4 DNA ligase; dU-
glycosylase (when the hairpin non-replicable region is cre-
ated by abasic sites); a hairpin-specific endonuclease (when
the hairpin has a cleavable site created during oligonucle-
otide attachment process); a mixture of several (about
S-about 12) methylation-sensitive restriction enzymes, such
as Aci I, Acc II, Asp LE [, Ava I, Bee Al, Bsa HI, Bsh 1236
1, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI, Cfo I, Hap 1I,
Hga I, Hha I, HinP1 1, Hin 61, Hpa II, Hpy 991, Hpy CH4
IV, Hsp AL, Mvn [, and Ssi I, to produce a substantial
fragmentation at all non-methylated CpG islands (see, for
example, U.S. patent application Ser. No. 11/071,864, filed
Mar. 3, 2005, which is incorporated by reference herein in
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its entirety); thermophilic DNA polymerase (close-tube
WMA library synthesis/PCR-mediated amplification reac-
tion); ATP; and dNTPs.

Exemplary pre-assembled Enz-O-Mix 8 may comprise a
stem-loop oligonucleotide with a promoter sequence in a
stem or loop region; DNA polymerase; a DNA ligase;
dU-glycosylase (when the non-replicable region is formed
by abasic sites); a site-specific endonuclease (when the
stem-loop oligonucleotide has a cleavable site created dur-
ing the oligonucleotide attachment process); a mixture of
several (about 5-about 12) methylation-sensitive restriction
enzymes, such as Aci [, Acc I, Asp LE [, Ava ], Bce Al, Bsa
HI, Bsh 1236 1, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI,
Cfo I, Hap II, Hga I, Hha I, HinP1 I, Hin 61, Hpa II, Hpy 991,
Hpy CH4 1V, Hsp AL, Mvn I, and Ssi I, to produce a
substantial fragmentation at all non-methylated CpG islands
(see, for example, U.S. patent application Ser. No. 11/071,
864, filed Mar. 3, 2005, which is incorporated by reference
herein in its entirety); ATP; and dNTPs. In the case of
close-tube, isothermal library synthesis/transcription-medi-
ated amplification reaction it also comprises RNA poly-
meraseand rNTPs.

Exemplary pre-assembled Enz-O-Mix 9 may comprise a
stem-loop oligonucleotide with a nicking endonuclease
sequence in a stem or a loop region; DNA polymerase; a
DNA ligase; dU-glycosylase (when the non-replicable
region is formed by abasic sites); a site-specific endonu-
clease (when the stem-loop oligonucleotide has a cleavable
site created during oligonucleotide attachment process); a
DNA fragmentation endonuclease, such as restriction
enzyme(s), DNase |, Benzonase, methylation-specific nucle-
ase McrBC, apoptotic endonuclease, etc.; a mixture of
several (about 5-about 12) methylation-sensitive restriction
enzymes, such as Aci [, Acc I, Asp LE [, Ava ], Bce Al, Bsa
HI, Bsh 1236 1, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI,
Cfo I, Hap II, Hga I, Hha I, HinP1 I, Hin 61, Hpa II, Hpy 991,
Hpy CH4 1V, Hsp AL, Mvn I, and Ssi I, to produce a
substantial fragmentation at all non-methylated CpG islands
(see, for example, U.S. patent application Ser. No. 11/071,
864, filed Mar. 3, 2005, which is incorporated by reference
herein in its entirety); ATP; and dNTPs. In the case of
close-tube, isothermal library synthesis/strand displace-
ment-mediated amplification reaction it also comprises a
nicking endonuclease (N.Alwl, N.BbvCIA, N.BbvCIB,
Nb.BpulOL, Nb.Bsml, N.Bst9I, N.BstNBI, etc.); a strand
displacing DNA polymerase (Klenow exo-, Phi 29, Bst I,
etc.); and a primer.

Exemplary pre-assembled Enz-O-Mix 10 may comprise
all major components of the reaction, such as a stem-loop
oligonucleotide; DNA polymerase; a DNA ligase; dU-gly-
cosylase (when the hairpin non-replicable region is created
by abasic sites); a hairpin-specific endonuclease (when the
hairpin has a cleavable site created during oligonucleotide
attachment process); a DNA fragmentation endonuclease,
such as restriction enzyme, DNase I, Benzonase, methyl-
ation-specific nuclease McrBC, apoptotic endonuclease,
etc.; a mixture of several (about 5-about 12) methylation-
sensitive restriction enzymes, such as Aci I, Acc I, Asp LE
1, Ava I, Bce Al, Bsa HI, Bsh 1236 1, Bsi E1, Bsi SI, Bst FN
1, Bst HH I, Bst UI, Cfo I, Hap II, Hga I, Hha I, HinP1 I, Hin
61, Hpa II, Hpy 991, Hpy CH4 1V, Hsp Al, Mvn L, and Ssi
1, to produce a substantial fragmentation at all non-methyl-
ated CpG islands (see, for example, U.S. patent application
Ser. No. 11/071,864, filed Mar. 3, 2005, which is incorpo-
rated by reference herein in its entirety); thermophilic DNA
polymerase (close-tube WGA library synthesis/PCR-medi-
ated amplification reaction); ATP; and dNTPs.
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Exemplary pre-assembled Enz-O-Mix 11 may comprise a
stem-loop oligonucleotide with a promoter sequence in a
stem or loop region; DNA polymerase; a DNA ligase;
dU-glycosylase (when the non-replicable region is formed
by abasic sites); a site-specific endonuclease (when the
stem-loop oligonucleotide has a cleavable site created dur-
ing oligonucleotide attachment process); a DNA fragmen-
tation endonuclease, such as restriction enzyme, DNase I,
benzonase, methylation-specific nuclease McrBC, apoptotic
endonuclease; a mixture of several (about 5-12) methyl-
ation-sensitive restriction enzymes, such as Aci I, Acc II,
Asp LE I, Ava I, Bece AL, Bsa HI, Bsh 1236 I, Bsi E1, Bsi SI,
Bst FN 1, Bst HH 1, Bst Ul, Cfo I, Hap II, Hga I, Hha I,
HinP1 I, Hin 61, Hpa II, Hpy 991, Hpy CH4 1V, Hsp Al, Mvn
1, and Ssi 1, to produce a substantial fragmentation at all
non-methylated CpG islands (see, for example, U.S. patent
application Ser. No. 11/071,864, filed Mar. 3, 2005, which is
incorporated by reference herein in its entirety); ATP; and
dNTPs. In the case of close-tube, isothermal library synthe-
sis/transcription-mediated amplification reaction it also
comprises RNA polymerase and rNTPs.

Exemplary pre-assembled Enz-O-Mix 12 may comprise a
stem-loop oligonucleotide with a nicking endonuclease
sequence in a stem or a loop region; DNA polymerase; a
DNA ligase; dU-glycosylase (when the non-replicable
region is formed by abasic sites); a site-specific endonu-
clease (when the stem-loop oligonucleotide has a cleavable
site created during oligonucleotide attachment process); a
DNA fragmentation endonuclease, such as restriction
enzyme(s), DNase I, benzonase, methylation-specific nucle-
ase McrBC, apoptotic endonuclease; a mixture of several
(about S-about 12) methylation-sensitive restriction
enzymes, such as Aci [, Acc I, Asp LE I, Ava ], Bce Al, Bsa
HI, Bsh 1236 1, Bsi E1, Bsi SI, Bst FN I, Bst HH I, Bst UI,
Cfo I, Hap II, Hga I, Hha I, HinP1 1, Hin 61, Hpa II, Hpy 991,
Hpy CH4 1V, Hsp AL Mvn I, and Ssi I, to produce a
substantial fragmentation at all non-methylated CpG islands
(see, for example, U.S. patent application Ser. No. 11/071,
864, filed Mar. 3, 2005, which is incorporated by reference
herein in its entirety); ATP; and dNTPs. In the case of
close-tube, isothermal library synthesis/strand displace-
ment-mediated amplification reaction it also comprises a
nicking endonuclease (N.Alwl, N.BbvCIA, N.BbvCIB,
Nb.BpulOL, Nb.Bsml, N.Bst9], N.BstNBI, etc.) a strand
displacing DNA polymerase (Klenow exo-, Phi 29, Bst I,
etc.); and a primer.

Kits comprising the exemplary Enz-O-Mixes described
above may be supplied with the Enz-O-Mix Universal
Buffer. When used in high-throughput applications and
clinical diagnostics, the Enz-O-Mix reagent is first diluted
by the Enz-O-Mix Universal Buffer, aliquoted into
microplate wells, pre-incubated at the reaction temperature
(for example, about 37° C.) for a few minutes, supplemented
with DNA, and incubated at the reaction temperature for
about 1-about 16 h.

FIG. 20 demonstrates an exemplary application of the
Enz-O-Mix kits for high-throughput library preparation/
amplification in the 96- or 384-well format.

U. Enz-O-Mix Reaction Optimization Procedures

In this embodiment, as shown in FIG. 21, there are
exemplary procedures for identifying the most optimal
parameters for any Enz-O-Mix process using real-time PCR
to monitor amplification of the generated library, or a direct
fluorescent detection of the amplified product in the case of
combined isothermal library synthesis-amplification pro-
cess.
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FIG. 21A illustrates the procedure for optimization of the
Enz-O-Mix Universal Buffer. Three specific but exemplary
buffers are utilized, including Universal Buffers 1, 2 and 3.
Buffer 2 results in the early WGA amplification curve,
suggesting that the multi-enzymatic reaction was more effi-
cient in this buffer, and the Universal Buffer 2 is particularly
suitable for the Enz-O-Mix reaction.

FIG. 21B illustrates the procedure for concentration opti-
mization of the Enz-O-Mix incubation temperature. Three
temperatures are employed; specifically, T,, T, and Tj.
Temperature T, results in the early WGA amplification
curve, suggesting that the multi-enzymatic reaction was
more efficient at this temperature and that the parameter T,
should be selected as a more suitable condition for the
Enz-O-Mix reaction.

FIG. 21C illustrates the procedure for optimization of the
Enz-O-Mix component N. Three concentrations of the com-
ponent N; specifically, CV,, CY, and CV,, were utilized.
Concentration C”, results in the early WGA amplification
curve, suggesting that the multi-enzymatic reaction was
more efficient at this component N concentration, and that
the parameter C”, is a particularly suitable condition for the
Enz-O-Mix reaction.

V. High Potential for the Enz-O-Mix Approach in Future
Biotechnology and Diagnostic Medicine

The applications of the Enz-O-Mix method are numerous.
The Enz-O-Mix method is easy to automate and use in
clinical diagnostic and point-of-care applications. Different
enzyme combinations could lead to many novel kits and
assays, and applications in such areas as biotechnology, the
pharmaceutical industry, molecular diagnostics, forensics,
pathology, bio-defense, and bio-computing are contem-
plated The Enz-O-Mix approach can be viewed as a simple
and cost-effective alternative to the “lab-on-a chip” micro-
fluidic approach that is currently attempting to solve the
same problem (multi-step DNA processing) by reduction of
reaction volumes and integration of multiple reactions into
a small format.

Exemplary applications for the invention include but are
not limited to the following:

a) A one-step, closed tube preparation and amplification
of genomic libraries (WGA) from highly degraded serum,
plasma, and/or urine (such as the supernatant fraction) DNA.
DNA amplification and re-amplification can be used as an in
vitro “immortalization” process to maintain and generate
necessary quantities of valuable but limited DNA samples
for gene association studies, mutation and microsatellite
instability detection in cancer diagnostics, etc.

b) A one-step, closed tube preparation and amplification
of genomic libraries (WGA) from formalin fixed, paraffin
embedded tissues for cancer diagnostics and research appli-
cations.

¢) A one-step, closed tube preparation and amplification
of Methylome libraries;

d) A one-step preparation and simultaneous immobiliza-
tion of prepared DNA libraries on a solid support.

EXAMPLES

The following examples are included to demonstrate
preferred embodiments of the invention. It should be appre-
ciated by those of skill in the art that the techniques
disclosed in the examples that follow represent techniques
discovered by the inventors to function well in the practice
of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
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that many changes can be made in the specific embodiments
that are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

Example 1

One Step Whole Genome Library Amplification
Using Hairpin Adaptor with EcoNI Restriction Site
Generated after Ligation and Strand-Displacement

Extension

In this example, a single step WGA process is described
wherein a partial hairpin oligonucleotide adaptor containing
EcoNI recognition half sites in its stem is extended by a
DNA polymerase to form a blunt end hairpin molecule and
is ligated via its free 3' end to the 5' phosphate of blunt-ended
DNA restriction fragments by T4 DNA ligase. Due to the
strand-displacement activity of the DNA polymerase, the
free 3' end of the restriction fragments are extended using as
template the ligated 3' end of the adaptor, thus opening up
the hairpin structure and generating functional EcoNI cleav-
age site (FIGS. 12 and 13A). Following cleavage with
EcoNI present in the same reaction mix, the DNA library
molecules have their terminal inverted repeats excised and
become amplifiable by PCR using a primer complementary
to the 5' stem portion of the adaptor sequence. The whole
process takes place in a single tube and in one step in just
about 1 hour, in specific embodiments.

Human genomic DNA isolated from the peripheral blood
of a healthy donor by standard procedures was digested with
10 units of Alul restriction enzyme (NEB) for 1 hour
following the manufacturer’s protocol.

For library preparation, 5 nanograms of Alul-digested
DNA were incubated in a reaction mixture comprising 1x
NEBuffer 4 (20 mM Tris-acetate, 10 mM Mg acetate, 50
mM potassium acetate, 1 mM dithiothreitol, pH 7.9), 1 uM
EcoNI Ext Adaptor oligonucleotide (Table I, SEQ ID NO:1),
1 mM ATP, 120 uM dNTPs, 2 Units of Klenow fragment of
DNA polymerase 1, 400 units of T4 DNA ligase (New
England Biolabs, NEB; Beverly, Mass.), and 10 units of
EcoNI restriction enzyme (NEB) in a final volume of 15 pl
for 1 hour at 37° C. Enzymes were inactivated for 10 min at
75° C. Control reaction that contained no EcoNI restriction
enzyme was also run in parallel.

The resulting library was amplified by real-time PCR in a
reaction mixture containing: 1x Titanium Taq reaction buffer
(Clontech; Mountain View, Calif.); 200 uM each dNTP;
1:10,000 dilutions of fluorescein and SybrGreen I (Molecu-
lar Probes; Carlsbad, Calif.); 1 pM of K, primer (Table I,
SEQ ID NO:2); and 5 units of Titanium Taq polymerase
(Clontech; Mountain View, Calif.) in a reaction volume of
75 pl. PCR amplification was carried out for 15 cycles at 95°
C. for 15 sec and 65° C. for 2 min on i-Cycler real-time PCR
instrument (Bio-Rad; Hercules, Calif.). FIG. 22 shows the
amplification curves of the libraries prepared in the presence
or in the absence of EcoNI. Cleavage of the terminal
inverted repeat by EcoNI improved the efficiency of ampli-
fication by 7 cycles, i.e. over two orders of magnitude.

Preliminary representation analysis of the library pre-
pared in the presence of EcoNI was conducted using three
exemplary human genomic STS markers (Table II). The
material amplified by PCR with the universal K, primer was
purified with Qiaquick filters (Qiagen; Valencia, Calif.), and
20 ng aliquots were analyzed in real-time PCR. Reactions
were carried out for 45 cycles at 94° C. for 15 sec and 68°
C. for 1 min on i-Cycler (Bio-Rad; Hercules, Calif.). The
PCR reaction mixture comprised the following: 1x Titanium
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Taq reaction buffer (Clontech; Mountain View, Calif.); 200
uM each dNTP; 1:10, 000 dilutions of fluorescein and
SybrGreen I (Molecular Probes); 0.2 uM each forward and
reverse STS primer (Table II); 5 units of Titanium Taq
polymerase (Clontech; Mountain View, Calif.); and 20 ng
library DNA. A control reaction comprising 1 ng of human
genomic DNA randomly fragmented to an average size of
1.5 Kb using Hydro Shear device (Gene Machines; Palo
Alto, Calif.) was performed. FIGS. 24 A-24C show unbiased
representation of the analyzed human STS sequences in the
EcoNI-treated library.

Example 2

One Step Whole Genome Amplification Using
Hairpin Adaptor with Non-Replicable 18-Atom
Hexa-Ethyleneglycol Spacer

In this example, a single step WGA process is described
wherein a hairpin oligonucleotide adaptor containing non-
replicable 18-atom hexa-ethyleneglycol (HEG) spacer in its
loop is ligated via its free 3' end to the 5' phosphate of DNA
restriction fragments in the presence of T4 DNA ligase and
a DNA polymerase. Due to the strand-displacement activity
of the polymerase, the free 3' ends of the restriction frag-
ments are extended until the replication stop is reached (see
FIGS. 8 and 10A). This process results in truncated 3'
termini of the resulting WGA library such that they do not
contain a terminal inverted repeat. The library molecules are
then amplified by PCR using a primer complementary to the
universal sequence of the extended 3' termini. The whole
process takes place in a single tube in one step and is
completed in just about 1 hour, in specific embodiments.

In control experiments, hairpin adaptor molecules that
either do not comprise a replication stop or modified bases
or that comprise ribo-nucleosides in their loop region are
compared for their ability to participate in WGA along with
the hexa-ethyleneglycol adaptor described above.

Human genomic DNA isolated from the peripheral blood
of'a healthy donor by standard procedures was digested with
10 units of Alul restriction enzyme (NEB) for 1 hour
following the manufacturer’s protocol.

Five nanograms of Alul digested DNA were incubated in
a reaction mixture comprising 1x NEBuffer 4; 1 uM HEG
Adaptor oligonucleotide (Table I, SEQ ID NO:3) or control
hairpin adaptors (see below); 1 mM ATP; 120 uM dNTPs; 2
Units of Klenow fragment of DNA polymerase I; and 400
units of T4 DNA ligase (NEB) in a final volume of 15 pl for
1 hour at 37° C. Enzymes were inactivated for 10 min at 75°
C.

To test the effect of the hexa-ethyleneglycol replication
stop, control reactions containing partial hairpin oligonucle-
otides extended by Klenow to form blunt end hairpin
adaptors that either do not contain replication stop (Table I,
Hairpin Adaptor, SEQ ID NO:5), or containing ribonucleo-
sides in their loop region (Table I, Hairpin Ribo Adaptor,
SEQ ID NO:6) were substituted for the HEG Adaptor (Table
I, SEQ ID NO:3) and run in parallel as described above.

The resulting libraries were amplified by real-time PCR in
a reaction mixture comprising the following: 1x Titanium
Taq reaction buffer (Clontech; Mountain View, Calif.); 200
UM each dNTP; 1:10,000 dilutions of fluorescein and Syb-
rGreen 1 (Molecular Probes; Carlsbad, Calif)); 1 uM of
universal primer (Y., primer, Table I SEQ ID NO:4 in the
case of the HEG adaptor, or K, primer, Table I, SEQ ID
NO:2, in the case of control hairpin adaptors); and 5 units of
Titanium Taq polymerase (Clontech; Mountain View, Calif.)
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in a reaction volume of 75 pl. PCR amplification was carried
out at 95° C. for 15 sec and 65° C. for 2 min on i-Cycler
real-time PCR instrument (Bio-Rad; Hercules, Calif.). As
shown on FIG. 23, amplification of the library prepared by
ligation of hexa-ethyleneglycol adaptor was 9 cycles more
efficient than a library made with adaptor not containing a
replication stop in its loop structure. The results shown on
FIG. 23 also indicate that an array of 5 consecutive ribo-
nucleosides in the adaptor’s loop is not a preferable repli-
cation stop for Klenow fragment of DNA polymerase I,
since amplification of a library prepared by ligation of such
an adaptor amplified only 2 cycles earlier than a library
made with adaptor containing only deoxyribonucleosides.

Preliminary representation analysis of the library pre-
pared by ligation of HEG adaptor was done using three
exemplary human genomic STS markers (Table II). The
material amplified by PCR with the universal Y, primer was
purified with Qiaquick filters (Qiagen; Valencia, Calif.), and
20 ng aliquots were analyzed in real-time PCR as described
in Example 1. FIGS. 24 A-24C show unbiased representation
of the analyzed human STS sequences in this exemplary
library.

Example 3

One Step Whole Genome Library Preparation
Using Degradable Hairpin Adaptor Comprising
Deoxy-Uridine

In this example, a single step WGA process is described
wherein a hairpin oligonucleotide adaptor comprising
deoxy-uridine in both its 5' stem region and in its loop (FIG.
10B) is ligated via its free 3' end to the 5' phosphates of DNA
restriction fragments in the presence of 3 enzymatic activi-
ties: T4 DNA ligase, DNA polymerase, and Uracil-DNA
glycosylase (which is also referred to as UDG or dU
glycosylase). UDG catalyzes the release of free uracil and
generates abasic sites in the adaptor’s loop region and the 5'
half of the hairpin. The strand-displacement activity of the
DNA polymerase extends the free 3' end of the restriction
fragments until an abasic site is reached, serving as a
replication stop (FIG. 10B). This process results in truncated
3' ends of the resulting WGA library fragments such that
they do not have terminal inverted repeats. Prior to ampli-
fication, samples are heated in order to break the phosphodi-
ester bonds of the generated abasic sites, and the adaptor
molecules are degraded into 2 small fragments and one
intact 18 base oligonucleotide complementary to the uni-
versal sequence of the extended 3' termini (FIG. 10B). The
released 18 base oligonucleotide then serves as a primer in
subsequent PCR amplification, or alternatively it can be
exogenously supplied. The entire process takes place in a
single tube in one step and is completed in just 1 hour.

Human genomic DNA isolated from the peripheral blood
of a healthy donor by standard procedures was digested with
10 units of Alul restriction enzyme (New England Biolabs;
Beverly, Mass.) for 1 hour following the manufacturer’s
protocol.

For library preparation, five nanograms of Alul-digested
genomic DNA were incubated in an exemplary reaction
mixture comprising 1x NEBuffer 4; 2 pyM dU Hairpin
Adaptor oligonucleotide (Table I, SEQ ID NO:7); 1 mM
ATP; 120 uM dNTPs; 2 Units of Klenow fragment of DNA
polymerase I; 400 units of T4 DNA ligase; and 2 Units of
UDG (New England Biolabs; Beverly, Mass.) in a final
volume of 15 pl for 1 hour at 37° C. Enzymes were
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inactivated at 75° C. for 10 min. A control reaction contain-
ing no UDG was run in parallel.

The resulting library was amplified by real-time PCR in a
reaction mixture comprising the following: 1x Titanium Taq
reaction buffer (Clontech, Mountain View, Calif); 200 uM
each ANTP; 1:10,000 dilutions of fluorescein and SybrGreen
1 (Molecular Probes; Carlsbad, Calif.); 1 uM of universal
M, primer (Table I, SEQ ID NO:8); and 5 units of Titanium
Taq polymerase (Clontech; in a reaction volume of 75 pl).
PCR amplifications were carried out at 95° C. for 15 sec and
65° C. for 2 min on i-Cycler real-time PCR instrument
(Bio-Rad; Hercules, Calif.). In a separate amplification
reaction, no external universal M,, primer was supplied to
test if endogenously-generated primer is sufficient for library
amplification. FIG. 25 shows that virtually identical ampli-
fication curves were generated whether or not the universal
primer was added exogenously or was generated as a result
of the UDG activity followed by heat-induced degradation
of the adaptor. FIG. 25 also shows that if UDG was not
present during library preparation, this caused an 8 cycle-
delay in amplification. This latter result once again indicates
the preference of removal of the terminal inverted repeat of
a hairpin adaptor for efficient library priming and amplifi-
cation.

Example 4

One Step Genomic DNA Restriction Digestion and
Whole Genome Library Preparation Using
Degradable Hairpin Adaptor Comprising
Deoxy-Uridine

In this example, a single step WGA process is described
wherein a hairpin oligonucleotide adaptor comprising
deoxy-uridine described in Example 3 is ligated via its free
3" end to the 5' phosphates of DNA restriction fragments
generated from intact genomic DNA in a single exemplary
reaction mix comprising 4 exemplary enzymatic activities:
Alul restriction endonuclease, T4 DNA ligase, DNA poly-
merase, and Uracil-DNA glycosylase (UDG) (FIG. 19A,
Enz-O-Mix 3). UDG catalyses the release of free uracil and
generates abasic sites in the adaptor’s loop region and the 5'
half of the hairpin. Alul digests the target DNA into restric-
tion fragments. T4 DNA ligase generates a phosphodiester
bond between the 3' ends of the adaptor molecules and the
5' phosphates of the restriction fragments. Finally, the
strand-displacement activity of the DNA polymerase
extends the free 3' end of the restriction fragments using as
template the ligated 3' end of the hairpin stem until an abasic
site is reached that serves as a replication stop (FIG. 10B).
Prior to amplification, samples are heated to degrade the
abasic sites of the adaptor, and the resulting library is
amplified using the universal primer M. The entire process
takes place in a single tube in one step and is completed in
just 1 hour.

For library preparation, 20, 10, 3, 1, 0.3, 0.1, 0.03, 0.01,
or 0 nanograms of human genomic DNA isolated from the
peripheral blood of a healthy donor by standard procedures
were incubated in an exemplary reaction mix comprising: 1x
NEBuffer4; 2 uM dU Hairpin Adaptor oligonucleotide
(Table I, SEQ ID NO:7); 1 mM ATP; 120 uM dNTPs; 2
Units of Klenow fragment of DNA polymerase I; 400 units
of T4 DNA ligase; 2 Units of UDG; and 10 units of Alul
restriction endonuclease (New England Biolabs; Beverly,
Mass.) in a final volume of 15 pl for 1 hour at 37° C.
Enzymes were inactivated for 10 min at 75° C.
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The resulting libraries were amplified by real-time PCR in
the exemplary reaction mixture comprising the following:
1x Titanium Taq reaction buffer (Clontech; Mountain View,
Calif.); 200 uM each dNTP; 1:10,000 dilutions of fluores-
cein and SybrGreen I (Molecular Probes; Carlsbad, Calif.);
1 uM of universal M, primer (Table I, SEQ ID NO:8); and
5 units of Titanium Taq polymerase (Clontech; Mountain
View, Calif.) in a reaction volume of 75 pl. PCR amplifi-
cations were carried out at 95° C. for 15 sec and 65° C. for
2 min on i-Cycler real-time PCR instrument (Bio-Rad;
Hercules, Calif.). FIG. 26 shows the amplification curves of
the resulting libraries. As shown, a series of titration curves
was generated in a concentration-dependent manner. The
smallest amount of DNA corresponding to less than two
genome equivalents was still discernible from the control
reaction with no DNA, indicating that the described single
closed tube process is an efficient and sensitive way of whole
genome amplification.

Example 5

Simplified Protocol Combining Preparation of
Methylome Libraries from Cell-Free Urine DNA
and Cleavage with Methylation-Sensitive
Restriction Enzymes in One Step

In this example, the preparation of methylome libraries
from cell-free urine DNA by ligation of hairpin oligonucle-
otide adaptor comprising deoxy-uridine as described in
Example 3 is combined with the simultaneous cleavage with
a mix of methylation-sensitive restriction enzymes in a
single step.

Cell-free DNA was isolated from urine of healthy donors
collected in 50 ml Falcon tubes and stabilized for storage by
adding 0.1 volume of 0.5 M EDTA. Urine samples were
centrifuged at 1,800xg for 10 min at ambient temperature to
sediment cells, and supernatant was transferred carefully to
a fresh tube. Equal volume of 6 M solution of guanidine
thiocyanate was added to each sample followed by %6 vol of
Wizard Miniprep resin (Promega catalog # A7141; Madison,
Wis.). DNA was bound to the resin by rotation for 1 hour at
ambient temperature. The resin was then sedimented by
brief centrifugation at 500xg and loaded on Wizard mini-
columns (Promega catalog #A7211; Madison, Wis.) using
syringe barrel extensions after carefully decanting out the
supernatant. Resin was washed with 5 ml of wash buffer
(Promega catalog # A8102; Madison, Wis.) using Qiagen
QI Avac-24 vacuum manifold. Minicolumns were then cen-
trifuged for 2 min at 10,000xg to remove residual wash
buffer and bound DNA was eluted with 50 ul of DNAse-free
water at 10,000xg for 1 min. Eluted DNA was buffered by
adding 0.1 vol of 10x TE-L buffer and quantified on a
fluorescent spectrophotometer using Pico Green (Molecular
Probes; Carlsbad, Calif.) and 1 phage D.

Aliquots of 200 ng of cell-free DNA were artificially
methylated by incubation in 20 ul of NEBuffer 2 (New
England Biolabs; Beverly, Mass.) with 4 units of M.Sssl
CpG methylase (New England Biolabs; Beverly, Mass.) in
the presence of 160 uM SAM for 1 hour at 37° C.
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Twenty five nanograms of methylated or non-methylated
DNA were incubated in 1x NEBuffer 4 (New England
Biolabs; Beverly, Mass.) comprising 0.35 units of T4 DNA
polymerase (New England Biolabs; Beverly, Mass.); 1.5 uM
of dU-Hairpin Adaptor (Table I, SEQ ID NO:7); 0.5 units of
UDG (New England Biolabs; Beverly, Mass.); 400 units of
T4 DNA ligase (New England Biolabs; Beverly, Mass.); 30
uM dNTPs, 0.75 mM ATP; 75 pg/ml BSA; 16.7 units of
Acil; 16.7 units of Hhal; 8.3 units each of BstUI, Hpall, and
Hinp1l (New England Biolabs; Beverly, Mass.) in a final
volume of 20 pl for 1 hour at 37° C. A second aliquot of 25
ng of methylated or non-methylated DNA was incubated in
parallel with all the ingredients described above but without
the restriction enzymes (“uncut” control).

One half of each sample (12.5 ng) was then amplified by
quantitative PCR in an exemplary reaction mix comprising
1x Titanium Taq reaction buffer (Clontech; Mountain View,
Calif.); 200 uM of each dNTP; fluorescein calibration dye
(1:100,000) and SYBR Green I (1:100,000); 1 uM universal
primer M, -1 (Table I, SEQ ID NO:8); 4% DMSO; 200 uM
7-deaza-dGTP (Sigma); and 5 units of Titanium Taq poly-
merase (Clontech) in a final volume of 75 pl. Samples were
pre-heated at 72° C. for 15 min followed by 95° C. for 5 min
and 12 cycles at 94° C. for 15 sec and 65° C. for 2 min on
an I-Cycler real-time PCR instrument (Bio-Rad; Hercules,
Calif.). Amplified libraries were purified using MultiScreen
PCR cleanup system (Millipore) and quantified by optical
density reading.

Methylation analysis of promoter sites was performed by
real-time PCR using aliquots of 160 ng of each digested or
non-digested amplified library DNA incubated in exemplary
reaction mixtures comprising the following: 1x Titanium
Taq reaction buffer (Clontech; Mountain View, Calif.); 200
uM of each ANTP; 4% DMSO; 0.5 M betaine; FCD (1:100,
000) and SYBR Green 1 (1:100,000); 200 nM each forward
and reverse primer (Table II, SEQ ID NO:11 and SEQ ID
NO:12 for GSTP-1 promoter, SEQ ID NO:13 and SEQ ID
NO:14 for MDR-1 promoter, SEQ ID NO:9 and SEQ ID
NO:10 for EDNRB promoter, and SEQ ID NO:15 and SEQ
ID NO:16 for PTGS-2 promoter); and approximately 1.5
units of Titanium Taq polymerase (Clontech; Mountain
View, Calif.) in a final volume of 15 ul at 95° C. for 3 min
followed by 50 cycles at 94° C. for 15 sec and 68° C. for 1
min.

FIG. 27 shows PCR amplification curves of specific
promoter sites in amplified libraries prepared from methyl-
ated (M) or non-methylated (N) urine DNA in the presence
(+) or in the absence (=) of methylation-sensitive restriction
enzymes. As expected, promoter sites from non-methylated
cleaved DNA (N+) amplified with significant (at least 10
cycles) delay as compared to uncut DNA (N-, M-) for all
four promoter sites tested. On the other hand, methylated
DNA was completely refractory to cleavage (M+). These
results demonstrate that the method disclosed in the present
invention can be applied as a simple one-step non-invasive
high-throughput diagnostic procedure for detection of aber-
rant methylation in cancer.

TABLE I

OLIGONUCLEOTIDE SEQUENCES

Code

Sequence 5’ 37

EcoNI Ext Adaptor

Ku

CCAAACACACCCAACACACCTAAAAAAGGTGT (SEQ ID
NO: 1)+*
TGTGTTGGGTGTGTTTGG (SEQ ID NO: 2)
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TABLE I-continued

44

OLIGONUCLEOTIDE SEQUENCES

No Code Sequence 5’ 3’

3. HEG Adaptor AAGAGAGAGGGAAGGAAGAA/HEG/AACTTCCTTCCCTCTC

TCTT (SEQ ID NO: 3)**

4. Y CTTCCTTCCCTCTCTCTT (SEQ ID NO: 4)

5. Hairpin Adaptor CCAAAC ACACCCAACACAAAAAGTGTTG (SEQ ID NO: 5)

6. Hairpin Ribo Adaptor CCAAAC ACACCCAACACrArArATrArAGTGTTG (SEQ ID
NO: 6) *x*

7. dy Hairpin Adaptor TGTGTTGGGAUGAUGTGTGGAUAUAUAUAUAUCCACACACAC

CCAACACA (SEQ ID NO: 7) ****

8. Mg, CCACACACACCCAACACA (SEQ ID NO: 8)

9. EDNRB GGAGGAGTCTTTCGAGTTCAA (SEQ ID NO: 9) Forward

CGGGAGGAATACAGACACGTCTT

(SEQ ID NO: 10) Reverse

10. GSTP-1 GGAAAGAGGGAAAGGCTTC (SEQ ID NO: 11) Forward
CCCCAGTGCTGAGTCACGG (SEQ ID NO: 12) Reverse

11. MDR-1 GGGTGGGAGGAAGCATCGTC (SEQ ID NO: 13) Forward
GGTCTCCAGCATCTCCACGAA (SEQ ID NO: 14) Reverse

12. PTGS-2 AGAACTGGCTCTCGGAAGCG (SEQ ID NO: 15) Forward
GGGAGCAGAGGGGGTAGTC (SEQ ID NO: 16) Reverse

13. dUT7 Hairpin Adaptor TGTGTTGGGAUGAUGTGTGGAUAUAUAUAUAUATTTAATACG
ACTCACTATAGGGAGACCACACACACCCAACACA (SEQ ID

NO: 17) ****

14. dU_N.BbvC IB Nick TGTGTTGGGAUGAUGTGTGGAUAUAUAUAUAUATTTAATACG
Hairpin Adaptor ACCCTCAGCACCACACACACCCAACACA (SEQ ID

NO: 18) %+

15. dU_N.BbvC IB Nick ATTTAATACGACCCTCAGCACCAC

Primer

(SEQ ID NO: 19)*****

*Underlined sequences indicate EcoNI palindrome
**JG = hexa-ethyleneglycol

***rA = Adenosine

****dU = deoxy-Uridine

*##**x* Underlined sequence indicates N.BbvC IB nicking endonuclease recognition site

TABLE 1I

HUMAN STS MARKERS USED FOR REPRESENTATION
ANALYSIS BY QUANTITATIVE REAL-TIME PCR

45
STS # UniSTS Database Name*
4 SHGC-149956
8 csnpmnatl-perl-1
35 SHGC-146602
50
*Unique names of STS marker sequences from the National Center for Biotechnology
Information UniSTS database. Sequences of the STS regions as well as the forward and
backward primers used in quantitative real-time PCR can be found in the UniSTS database
at the National Center for Biotechnology Information website.
Example 6 55

Enz-O-Mix DNA Library Preparation and
Simultaneous Amplification by Transcription

This example demonstrates an exemplary preparation ofa 60
library from lambda phage BstEIl restriction digest by
ligation of hairpin oligonucleotide adaptor comprising
deoxy-uridine and T7 promoter sequence combined with the
simultaneous isothermal amplification by in vitro transcrip-
tion with T7 RNA polymerase (see FIG. 6A and FIG. 19A, 65
Enz-O-Mix 2). The adaptor oligonucleotide used in this
example (Table I, SEQ ID NO:9) is based on the adaptor

sequence described in Example 3 (Table I, SEQ ID NO:8),
except that it has the consensus T7 phage promoter sequence
incorporated in the loop region. Four enzymatic activities
are present in the mix: T4 DNA ligase, T4 DNA polymerase,
Uracil-DNA glycosylase (UDG), and T7 RNA polymerase.
UDG creates abasic sites by destabilizing the 5' end of the
adaptor stem. T4 DNA polymerase generates blunt ends at
the restriction fragments leaving intact 5' phosphate groups
that are necessary for ligation to the free 3' end of the adaptor
by the T4 DNA ligase. T4 DNA polymerase then extends the
3' ends of the newly ligated restriction fragments into the
adaptor, thereby displacing the 5' end of the adaptor’s stem
until an abasic site created by UDG is reached that stops
further extension. By doing so, the T4 DNA polymerase
generates a fully functional double-stranded T7 promoter,
and in vitro transcription is initiated by T7 RNA polymerase.

One hundred nanograms of a lambda phage BstEII restric-
tion DNA fragments (NEB Cat. # M0208S; New England
Biolabs; Beverly, Mass.) were incubated in 1xNEBuffer 4
(NEB) with 2 uM adaptor oligonucleotide comprising
deoxy-uridine and T7 promoter sequence (Table I, SEQ ID
NO:9); 1 mM ATP; 40 uM each dNTP; 500 uM each rNTP;
200 pg/ml BSA; 5.6 mM DTT; 1 unit of uracil-DNA
glycosylase (New England Biolabs; Beverly, Mass.); 0.18
unit of T4 DNA polymerase (New England Biolabs; Bev-
erly, Mass.); 600 units of T4 DNA ligase (New England
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Biolabs; Beverly, Mass.); and 37.5 units of T7 RNA poly-
merase (Epicentre; Madison, Wis.) for 2 hours at 37° C. in
a final volume of 15 pl. A negative control containing no T4
DNA ligase was also run in parallel. Products of the library
amplification were analyzed by gel electrophoresis on 1.5%
agarose gel after staining with Sybr Gold (Molecular Probes;
Carlsbad, Calif.).

FIG. 28 shows the products of an exemplary in vitro
transcription amplification. As shown, in the presence of all
four enzymatic activities the lambda restriction fragments
are converted into a library amplified as RNA products,
whereas in the absence of T4 DNA ligase no accumulation
of RNA occurs. This demonstrates that library preparation
and isothermal amplification can be combined into a single-
step process.

Example 7

Enz-O-Mix DNA Library Preparation and
Simultaneous Immobilization on Solid Support

This embodiment is illustrated in FIG. 29 and describes
the one-step Enz-O-Mix attachment process for a stem-loop
oligonucleotide with a non-replicable linker that is accom-
panied by immobilization of the synthesized library to the
surface of a vessel where the reaction occurs (for example,
a tube, micro-plate well, glass slide, micro-beads, etc.). The
exemplary reaction mix comprises HMW DNA; a stem-loop
oligonucleotide with 3' recessed, 3' protruding or blunt end
(FIG. 4), and a non-replicable linker somewhere in the
central part of the oligonucleotide; a DNA fragmentation
endonuclease, such as restriction enzyme, DNase 1, benzo-
nase, methylation-specific nuclease McrBC, apoptotic endo-
nuclease, etc.; a 3'proofreading DNA polymerase (Klenow
fragment of the DNA polymerase I, T4 DNA polymerase,
etc.); T4 DNA ligase; Enz-O-Mix Universal Buffer; ATP;
and dNTPs. In specific embodiments, the reaction occurs
inside a tube or a micro-plate well containing a hybridiza-
tion-capture oligonucleotide (HCO) covalently attached to
the inner surface of the reaction vessel. Oligonucleotide
HCO has a sequence that is complementary to a portion of
the stem-loop oligonucleotide located between the 5' end
and the non-replicable linker. Four enzymatic reactions and
one hybridization reaction are taking place as follows: (1)
DNA fragmentation by a nuclease(s); (2) “polishing” of the
DNA ends and the stem-loop oligonucleotide double-
stranded stem-region; (3) ligation of the oligonucleotide 3'
end to the 5' phosphate of the DNA, leaving a nick between
the 3' end of DNA and the 5' end of the oligonucleotide
double-stranded stem-region; (4) polymerase extension of
the 3' DNA end that propagates toward the end of stem-loop
oligonucleotide, displaces the 5' portion of the stem-loop
oligonucleotide, stops somewhere within the loop or close to
the loop region, at the replication block, and generates single
stranded overhangs at the 5' ends of DNA molecules; and (5)
immobilization of DNA fragments through a hybridization
of'the generated 5' overhangs to the surface-attached capture
oligonucleotide HCO.

Library immobilization can be non-covalent (as shown on
FIG. 29A), or covalent (as shown on FIG. 29B). The first
case (non-covalent immobilization) relies solely on the
hybridization between the 5' overhang (produced from the
stem-loop oligonucleotide during its ligation to DNA ends
and subsequent replication) and the capture oligo HCO. The
second case (covalent immobilization) involves hybridiza-
tion as an initial step, but it also involves additional enzy-
matic steps, such as site-specific cleavage within the single
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stranded 5' overhang and ligation of the 5' end of DNA to the
ligation-capture oligonucleotide construct LCO. The pur-
pose of the cleavage reaction is to generate a 5' phosphate
group for the ligation reaction. Such cleavage can be
achieved, for example, by incubation with the USER
enzyme (a mixture of Uracil DNA glycosylase (UDG) and
the DNA glycosylase-lyase Endonuclease VIII; New Eng-
land Biolabs, Beverly, Mass.). In that case, UDG catalyses
the excision of a uracil base (located somewhere at the 5'
portion of the stem-loop oligonucleotide), forming an abasic
(apyrimidinic) site while leaving the phosphodiester back-
bone intact. The lyase activity of Endonuclease VIII breaks
the phosphodiester backbone at the 3' and 5' sides of the
abasic site leaving a 5' phosphate. A generated phosphate
group at the end of the 5' overhang is then ligated by a DNA
ligase to the 3' end of the ligation-capture oligonucleotide
construct LCO (see FIG. 29B).

Library synthesis and immobilization can occur within the
specifically designed tubes, micro-well plates, on the surface
of micro-slides, or micro-beads (FIG. 30). In all of these
cases, the hybridization capture oligonucleotide HCO, or the
covalent ligation capture oligo construct LCO, is covalently
attached to the inner surface of reaction tubes and plates,
spotted on the glass (plastic) surface to create a micro-array,
or cover the surface of micro-beads.

The synthesized and surface-immobilized Whole Genome
Library (as described above), or Whole Methylome Library
(if the methylation-sensitive restriction nucleases, such as
Aci I, Acc 11, Asp LE 1, Ava I, Bee Al Bsa HI, Bsh 1236 1,
Bsi El, Bsi SI, Bst FN I, Bst HH I, Bst UL, Cfo I, Hap 1I,
Hga I, Hha I, HinP1 I, Hin 61, Hpa II, Hpy 991, Hpy CH4
IV, Hsp AL, Mvn L, and Ssi I, or the methylation-specific
nucleases, such as McrBC, are included into the Enx-O-Mix
or used after the library synthesis) can be further processed
enzymatically, washed, and amplified or stored in an immo-
bilized format. FIG. 31 illustrates a specific but exemplary
use of the one-step library synthesis and immobilization in
a hypothetical fluidic device. The process starts by a library
synthesis (1), is continued by a library immobilization at the
bottom of a reaction vessel (1), and is completed by removal
of the first reagent mix, washing, and introduction of a new
reagent mix (for example, PCR components).

Example 8

Enz-O-Mix DNA Library Preparation and
Simultaneous Amplification by Strand
Displacement Synthesis

This example demonstrates an exemplary preparation of a
library from cell-free urine DNA by ligation of hairpin
oligonucleotide adaptor comprising deoxy-uridine and
N.BbvC IB nicking endonuclease recognition site located at
the loop region as illustrated in FIG. 16A followed by
isothermal amplification with a strand-displacing DNA poly-
merase (see FIG. 6A and FIG. 19A, Enz-O-Mix 3). The
adaptor oligonucleotide used in this example (Table I, SEQ
ID NO:18) is based on the adaptor sequence described in
Example 3 (Table I, SEQ ID NO:8), except that it has
recognition sequence 5'-CCTCAGC-3' for N.BbvC IB nick-
ing endonuclease in the loop region. In the first step, a
stem-loop adaptor attachment is accomplished by using a
mix (FIG. 18, Master Mix III) with 3 enzymatic activities:
T4 DNA ligase, T4 DNA polymerase, and Uracil-DNA
glycosylase. UDG creates abasic sites by destabilizing the 5'
end of the adaptor stem. T4 DNA polymerase generates
blunt ends at the restriction fragments leaving intact 5'
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phosphate groups that are necessary for ligation to the free
3' end of the adaptor by the T4 DNA ligase. T4 DNA
polymerase then extends the 3' ends of the newly ligated
restriction fragments into the adaptor, thereby displacing the
5" end of the adaptor’s stem until an abasic site generated by
UDG is reached that stops further extension. By doing so,
the T4 DNA polymerase generates a functional double-
stranded N.BbvC IB nicking endonuclease recognition site.
In the second step, following thermal inactivation of T4
DNA polymerase and T4 DNA ligas, the mix is supple-
mented with two additional enzymatic activities, N.BbvC IB
nicking endonuclease generating single-stranded nicks at the
adaptor (and internal) sites, and the strand-displacing Kle-
now fragment of DNA polymerase I, initiating strand dis-
placement from the nicks. The newly synthesized strand is
extended until a nick or abasic site at the template strand is
encountered. In order to fill-in a second strand and to
recreate intact N.BbvC IB recognition sites, an oligonucle-
otide primer comprising the adaptor’s loop sequence at its
5'-end plus five bases complementary to the adaptor’s stem
at its 3'-end (Table I, SEQ ID NO:19) is also added to the
mix. As a result, a self-sustained isothermal DNA amplifi-
cation process is accomplished.

Cell-free DNA was isolated from urine of healthy donors
as described in Example 5. Aliquots of 50 nanograms of
DNA were incubated in 1x NEBuffer 4 (New England
Biolabs; Beverly, Mass.) with 2 uM adaptor oligonucleotide
comprising deoxy-uridine and N.BbvC IB nicking endonu-
clease recognition site (Table I, SEQ ID NO:18); 1 mM ATP;
40 uM each dNTP; 200 pg/ml BSA; 1 unit of uracil-DNA
glycosylase (New England Biolabs; Beverly, Mass.); 0.18
unit of T4 DNA polymerase (New England Biolabs; Bev-
erly, Mass.); and 600 units of T4 DNA ligase (New England
Biolabs; Beverly, Mass.) for 1 hour at 37° C. in a final
volume of 15 pl. A negative control containing no T4 DNA
ligase was run in parallel. Samples were heated at 65° C. for
15 min, cooled to 37° C. and supplemented with 10 units of
N.BbvC IB nicking endonuclease (New England Biolabs;
Beverly, Mass.); 27 ng/ul of E. coli Single Stranded Binding
Protein (SSB protein, USB Corporation, Clevelang, Ohio);
5 units of Klenow Exo fragment of DNA polymerase I (USB
Corporation, Clevelang, Ohio); 0.5 uM of dU_N.BbvC
IB_Nick Primer (Table I, SEQ ID NO:19); and 200 uM of
each ANTP in a final volume of 30 pl of 1x NEBuffer 4 (New
England Biolabs; Beverly, Mass.). To test the effect of
additives on the representation of GC-rich sequences such as
promoter sites, reactions containing 4% of dimethyl sulfox-
ide (DMSO, Sigma-Aldrich, St. Louis, Mo.) and 7deaza-
dGTP (Roche Diagnostics, Indianapolis, Ind.) were run in
parallel. A control reaction containing no N.BbvC IB nick-
ing endonuclease was also included. Samples were incu-
bated for 1 to 3 hours at 37° C. and reactions were stopped
by adding 50 mM of EDTA. Products of the library ampli-
fication were analyzed by gel electrophoresis on 20% acry-
lamide TBE gel (Invitrogen Corporation, Carlsbad, Calif.),
after staining with Sybr Gold (Molecular Probes; Carlsbad,
Calif.).

FIG. 29 shows the products of an exemplary isothermal
DNA amplification after 1 hour incubation. As shown, in the
presence of all five enzymatic activities the lambda restric-
tion fragments are converted into a library amplified as DNA
products, whereas in the absence of T4 DNA ligase or
N.BbvC IB nicking endonuclease no accumulation of DNA
occurs.
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Example 9

Integrated Whole Genome Amplification in a
Closed-Tube Reaction Using Degradable Hairpin
Adaptor Comprising Deoxy-Uridine

Traditionally, preparation of DNA libraries and their
subsequent amplification by PCR involves multiple separate
processes and different buffer systems. Previous embodi-
ments and examples of this invention have demonstrated
that Enz-O-Mx approach can substantially simplify these
processes and reduce number of steps necessary for WGA
and WMA library preparation to one step. However, in
previous Examples the Enzo-O-Mix DNA libraries were
first, prepared in small volume (15 pl) of buffer A (NEB 4),
and then amplified by PCR in a larger volume (75 ml) of
buffer B (Titanium Taq reaction buffer), FIG. 30A. In all of
these cases, Enz-O-Mix library synthesis/amplification is
performed in two operational steps: step 1—a tube contain-
ing DNA is supplemented with the library (WGA or WMA)
synthesis reagents and incubated at 37° C. for 1 h, and step
2—a tube is opened, supplemented with PCR amplification
buffer/reagents and subjected to temperature cycling. Such
an approach is referred to herein as a two-step, opened-tube
protocol.

This example introduces further simplification in prepa-
ration and PCR-mediated amplification of WGA/WMA
libraries when all the necessary synthesis/amplification
reagents are introduced into the tube prior reaction, and
library synthesis and subsequent amplification occur in the
same volume and the same buffer without opening the tube
within a pre-programmed thermocycler (FIG. 30B). Such an
approach is referred to herein as an integrated, one-step,
closed-tube protocol. Due to its simplicity and lack of any
human intervention, the integrated, one-step, closed-tube
Enz-O-Mix DNA amplification can be easily automated and
used for high-throughput research applications and clinical
diagnostics.

FIG. 31 shows a one possible temperature profile (b) and
an envisioned DNA accumulation during amplification (a),
where incubation at 37° C. for 1 h (DNA library synthesis)
is followed by heating at 95° C. for 10 min (Taq DNA
polymerase activation and stem-loop adaptor—universal
PCR primer conversion), and then by thermocycling
between 65° C. and 95° C. for 1 h (PCR-mediated whole
genome or whole methylome amplification).

FIG. 32 shows biochemical and physicochemical reac-
tions involved in the transformation of the stem-loop adaptor
oligonucleotide into a functional universal PCR primer
adequate for efficient amplification of synthesized WGA/
WMA libraries. Dual utilization of the stem-loop oligo-
nucleotide as adaptor and PCR primer eliminate a necessity
to introduce into reaction an additional single stranded
oligo-primer (due to the 3' profreading activity of a DNA
polymerase involved in the library synthesis process such
primer should contain at least several nuclease-resistant
bases at its 3' terminus).

In this example, a WGA process is described wherein a
hairpin oligonucleotide adaptor comprising deoxy-uridine
described in Example 3 is ligated via its free 3' end to the 5'
phosphates of DNA restriction fragments generated from
intact genomic DNA in a single enclosed container exem-
plary reaction mix comprising 6 exemplary enzymatic
activities: Alul restriction endonuclease, Rsal restriction
endonuclease, T4 DNA ligase, T4 DNA polymerase, a
hot-start Tag DNA polymerase, and Uracil-DNA glycosy-
lase (UDG). In an initial isothermal incubation UDG cataly-
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ses the release of free uracil and generates abasic sites in the
adaptor’s loop region and the 5' half of the hairpin. Alul and
Rsal digest the target DNA into restriction fragments. T4
DNA polymerase generates blunt ends of the restriction
fragments. T4 DNA ligase generates a phosphodiester bond
between the 3' ends of the adaptor molecules and the 5'
phosphates of the restriction fragments. T4 DNA poly-
merase extends the free 3' end of the restriction fragments
using as template the ligated 3' end of the hairpin stem until
an abasic site is reached that serves as a replication stop
(FIG. 10B). Samples are heated to 72° C. to inactivate all
thermo-labile enzymes and to activate Taq polymerase, then
to 95° C. to degrade the abasic sites of the adaptor and to
generate active primer from the remaining intact strand of
the adaptor that is free of abasic sites. The resulting library
is finally amplified by thermal cycling. The entire process
takes place in a single enclosed reaction container under
programmed temeparture control algorithm and without any
intermediate liquid handling.

Ten nanogram aliquots of human genomic DNA isolated
from the peripheral blood of a healthy donor by standard
procedures were incubated in an exemplary reaction mix
comprising: 1x Titanium Taq buffer (Clontech, Mountain
View, Calif.); 0.6 ul of Titanium Taq (Clontech, Mountain
View, Calif)); 2 uM dU Hairpin Adaptor oligonucleotide
(Table I, SEQ ID NO:7); 1 mM ATP; 200 uM dNTPs; 0.36
Units of T4 DNA polymerase; 1200 units of T4 DNA ligase;
2 Units of UDG; 10 units each of Alul and Rsal restriction
endonucleases (New England Biolabs; Beverly, Mass.), and
1:10,000 dilutions of fluorescein and SybrGreen I (Molecu-
lar Probes; Carlsbad, Calif.) in a final volume of 30 pl. To
study the effect of Mg** ions and DMSO, reactions supple-
mented with MgCl, at final concentrations of 5 mM and 7.5
mM and with DMSO at a final concentration of 4% were
also included (It should be noted that the 1x Titanium Taq
buffer contains 3.5 mM MgCl,). Reactions were incubated
at 37° C. for 1 hr, followed by 72° C. for 10 min, 95° C. for
10 min, and 11 cycles of 94° C. for 20 sec and 65° C. for 2
min. on i-Cycler real-time PCR instrument (Bio-Rad; Her-
cules, Calif.). FIG. 33 shows the amplification curves of the
resulting libraries. As shown, Mg** concentrations of 5 mM
and 7.5 mM in the reaction buffer supported the enzymatic
activities present in the mix better than the basic Titanium
Taq buffer containing 3.5 mM MgCl,. The presence of 4%
DMSO did not have significant effect on the WGA ampli-
fication when higher Mg concentrations were applied.

Example 10

Hot Start PCR Using Degradable Stem-Loop
Primers

Specificity and the ability to amplify a single DNA or
RNA target is one of the most important requirements for
application of PCR in molecular diagnostics. Hot start PCR
protocol was introduced to reduce the non-specific primer/
template and primer/primer annealing events that occur at
lower temperatures and subsequently result in non-specific
amplification products. Several methods and corresponding
commercial products for performing hot start PCR rely upon
the physical separation of PCR reagents until the high
temperature of the reaction has been reached. Those prod-
ucts include the following:

1. Wax beads (Ampliwax PCR Gems, Perkin Elmer) that
create a temporary barrier between dNTPs, buffer, and
MgCl, on one side of the wax layer, and DNA template and
DNA polymerase on another side.
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2. Small beads of wax with encapsulated Taq DNA
polymerse (Taq Bead Hot Start Polymerase, Promega). In
this case Taq DNA polymerase is released when the reaction
reaches 60° C.

3. Small beads of wax with encapsulated magnesium
(StartaSpere, Stratagene).

4. Tag DNA polymerase inactivated by antibody (Jum-
Start Taq DNA polymerase, Sigma; TaqStart and TthStart,
Clontech; AmpliTaq Gold, PE Biosystems; HotStarTaq,
Qiage; etc.). Antibody binds to the polymerase and inacti-
vates it at low temperature but denatures and releases the
active polymerase at high temperature.

Example 9 introduced the idea of using a degradable,
dU-containing stem-loop oligonucleotide-adaptor as a uni-
versal PCR primer (see FIG. 32) for whole genome ampli-
fication. This embodiment extends the use of degradable,
dU-containing stem-loop oligonucleotides as “hot start”
PCR primers for locus-specific DNA amplification.

As shown in FIG. 38 and FIG. 39, both PCR primers are
synthesized in a form of stem-loop ologonucleotides A and
B. The 3' portion of the stem-loop oligonucleotides repre-
sents the primer sequence (no dU bases); the 5' portion
represents the sequence complementary to the primer
sequence and comprises one or more dU bases substituting
dT bases; and the loop comprises several dT and dU bases.

PCR reaction is assembled by mixing together DNA,
dNTPs, magnesium, PCR buffer, Tag DNA polymerase (or
any other thermostable DNA polymerase), and dU-glycosy-
lase (FIG. 38 and FIG. 40). A thermocycler is programmed
to have the following conditions:

a) Incubation step at 37° C. for 15-30 min that is neces-
sary to convert all dU bases within the stem-loop oligo-
nucleotides A and B into the abasic sites;

b) Incubation step at 95° C. for 10 min that is necessary
to denature DNA, introduce breaks at the abasic sites within
the stem-loop oligonucleotides A and B, and thus release the
active primers A and B;

¢) A regular PCR cycling mode that amplifies the DNA
region defined by the primer A and B.

The conversion of the stem-loop oligonucleotides A and B
into PCR primers A and B (see FIG. 39) results from several
breaks introduced by heating the loop and the 5' portion of
the oligonucleotides. At high temperature, the small oligo-
nucleotides originated from the 5' stem regions can not form
stable interaction with the remaining intact 3' primer regions
and do not affect the PCR process. In general, the position
of dU bases within the 5' stem region is dictated by the
location of thymines in a DNA sequence, although they can
be also introduced at another nucleotide position (thus
generating a stem with one or several mismatched bases).
The number of dU bases within the 5' stem and the loop
regions can vary from 1 to about 6, and an optimal number
can be determined empirically.

The proposed hot start primer method can be used in PCR
and other DNA/RNA amplification methods that utilize
thermostable polymerases. It has several advantages over
the hot start PCR methods that involve either non-degrad-
able hairpin primers with short stem [Kaboev, O. K., et al.,
2000; Ailenberg, M., and Silverman, M., 2000], or duplex
primers [Kong, D., et al., 2004]: a) the hybridization kinetics
are not compromised by the presence of a stem region (as it
might be in the case of non-degradable stem-loop primer
method); b) no inverted repeat is formed at the ends of PCR
amplicons that could substantially reduce the efficiency of
the PCR amplification process (as it happens in the case of
non-degradable stem-loop primer method); and ¢) oligo-
nucleotides complementary to the priming oligonucleotide
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(products of the stem-loop oligonucleotide fragmentation)
are short, do not form stable interaction with the remaining
intact 3' primer regions and, as a result, do not affect the PCR
process (as it possible in the duplex primer method). Advan-
tages over other existing hot-start methods include but are
not limited to the following: a) no phase separation is
necessary and all reaction components are originally present
in the same reaction mix simplifying storage and reducing
production cost; b) no expensive blocking antibodies are
involved; ¢) no mutagenesis or chemical modification of
amino acid residues in the thermostable DNA polymerase
are required whatsoever.
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Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention
as defined by the appended claims. Moreover, the scope of
the present application is not intended to be limited to the
particular embodiments of the process, machine, manufac-
ture, composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions
of matter, means, methods, or steps, presently existing or
later to be developed that perform substantially the same
function or achieve substantially the same result as the
corresponding embodiments described herein may be uti-
lized according to the present invention. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20
<210> SEQ ID NO 1

<211> LENGTH: 32

<212> TYPE: DNA
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-continued

54

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 1

ccaaacacac ccaacacacc taaaaaaggt gt

<210> SEQ ID NO 2

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 2

tgtgttgggt gtgtttgg

<210> SEQ ID NO 3

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 3

aagagagagg gaaggaagaa aacttcctte cctetetett

<210> SEQ ID NO 4

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 4

cttecttece tetcetett

<210> SEQ ID NO 5

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 5

ccaaacacac ccaacacaaa aagtgttg

<210> SEQ ID NO 6

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 6
ccaaacacac ccaacacaaa aagtgttg
<210> SEQ ID NO 7
<211> LENGTH: 40

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

32

Synthetic

18

Synthetic

40

Synthetic

18

Synthetic

28

Synthetic

28
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<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

-continued
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:
Primer
FEATURE:
NAME/KEY: misc_feature
LOCATION: (10)..(10)
OTHER INFORMATION: n = deoxy-Uridine
FEATURE:
NAME/KEY: misc_feature
LOCATION: (12)..(12)
OTHER INFORMATION: n = deoxy-Uridine
FEATURE:
NAME/KEY: misc_feature
LOCATION: (19)..(24)

OTHER INFORMATION: n = deoxy-Uridine

SEQUENCE: 7

tgtgttgggn gngtgtggnn nnnnccacac acacccaaca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

Primer

SEQUENCE: 8

ccacacacac ccaacaca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

Primer

SEQUENCE: 9

ggaggagtct ttcgagttca a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

Primer

SEQUENCE: 10

cgggaggaat acagacacgt ctt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

Primer

SEQUENCE: 11

ggaaagaggg aaaggcttce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 12

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

40

Synthetic

18

Synthetic

21

Synthetic

23

Synthetic

19

Synthetic
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-continued
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Primer
<400> SEQUENCE: 12

cceccagtget gagteacgg

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 13

gggtgggagg aagcatcgtc

<210> SEQ ID NO 14

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 14

ggtctecage atctccacga a

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 15

agaactggcet ctcggaageg

<210> SEQ ID NO 16

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<400> SEQUENCE: 16

gggagcagag ggggtagte

<210> SEQ ID NO 17

<211> LENGTH: 68

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: n = deoxy-Uridine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: n = deoxy-Uridine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (19)..(24)
<223> OTHER INFORMATION: n = deoxy-Uridine

19

Synthetic

20

Synthetic

21

Synthetic

20

Synthetic

19

Synthetic
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60

-continued

<400> SEQUENCE: 17

tgtgttgggn gngtgtggnn nnnnatttaa tacgactcac tatagggaga ccacacacac 60

ccaacaca 68

<210> SEQ ID NO 18

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: n=deoxy-Uridine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: n=deoxy-Uridine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(24)

<223> OTHER INFORMATION: n=deoxy-Uridine

<400> SEQUENCE: 18

tgtgttgggn gngtgtggnn nnnnatttaa tacgaccctce agcaccacac acacccaaca 60

ca 62

<210> SEQ ID NO 19

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
Primer

<400> SEQUENCE: 19

atttaatacg accctcagca ccac 24

<210> SEQ ID NO 20

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(8)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 20

cctnnnnnag g 11

What is claimed is:

1. A kit comprising:

55

a stem-loop oligonucleotide comprising:
an inverted repeat;
a loop; 60

a 5' end that lacks a phosphate; and

a non-replicable base or sequence, or at least one
deoxy-uridine.

2. The kit according to claim 1, wherein the stem loop 65
oligonucleotide comprises a non-replicable base or
sequence.

3. The kit according to claim 2, wherein at least part of the
non-replicable base or sequence is present in the loop of the
oligonucleotide or in a sequence of the stem adjacent to the
loop.

4. The kit according to claim 1, wherein the non-repli-
cable base or sequence comprises an abasic site or sequence,
hexaethylene glycol, or a bulky chemical moiety attached to
the sugar-phosphate backbone or the base.

5. The kit according to claim 1, wherein the stem loop
oligonucleotide comprises at least one deoxy-uridine.

6. The kit according to claim 5, wherein the loop of the
stem-loop oligonucleotide comprises at least one deoxy-
uridine.
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7. The kit according to claim 6, wherein the kit further
comprises deoxy-uridine glycosylase.

8. The kit according to claim 1, wherein the kit further
comprises a ligase.

9. The kit according to claim 1, wherein the kit further
comprises a DNA polymerase.

10. The kit according to claim 1, wherein the 5' end that
lacks a phosphate comprises a 5' OH.

11. The kit according to claim 1, wherein the kit further
comprises an endonuclease.

12. The kit according to claim 1, wherein the kit further
comprises a thermostable polymerase.

13. The kit according to claim 12, wherein the kit further
comprises a universal primer.

14. The kit according to claim 12, wherein the kit further
comprises dNTPs.

15. The kit according to claim 5, wherein the kit further
comprises a ligase.

16. The kit according to claim 15, wherein the kit further
comprises deoxy-uridine glycosylase.

10

15

62

17. The kit according to claim 15, wherein the kit further
comprises a DNA polymerase.

18. The kit according to claim 15, wherein the kit further
comprises an endonuclease.

19. The kit according to claim 15, wherein the kit further
comprises a thermostable polymerase and dNTPs.

20. The kit according to claim 19, wherein the kit further
comprises a universal primer.

21. The kit according to claim 8, wherein the ligase and
the stem-loop oligonucleotide are present in a single solu-
tion.

22. The kit according to claim 7, wherein the kit further
comprises a thermostable polymerase in a single solution
with the deoxy-uridine glycosylase.

23. The kit according to claim 9, wherein the DNA
polymerase has end-polishing activity.

24. The kit according to claim 17, wherein the DNA
polymerase has end-polishing activity.

#* #* #* #* #*



